University of South Florida

Scholar Commons
Graduate Theses and Dissertations

Graduate School

6-13-2014

Water and Health in the Nandamojo Watershed of
Costa Rica: Community Perceptions towards
Water, Sanitation, and the Environment
James Mcknight
University of South Florida, jmcknigh@health.usf.edu

Follow this and additional works at: https://scholarcommons.usf.edu/etd
Part of the Environmental Health and Protection Commons, and the Epidemiology Commons
Scholar Commons Citation
Mcknight, James, "Water and Health in the Nandamojo Watershed of Costa Rica: Community Perceptions towards Water, Sanitation,
and the Environment" (2014). Graduate Theses and Dissertations.
https://scholarcommons.usf.edu/etd/5273

This Dissertation is brought to you for free and open access by the Graduate School at Scholar Commons. It has been accepted for inclusion in
Graduate Theses and Dissertations by an authorized administrator of Scholar Commons. For more information, please contact
scholarcommons@usf.edu.

Water and Health in the Nandamojo Watershed of Costa Rica:
Community Perceptions towards Water, Sanitation, and the Environment

by

Major James Roy McKnight

A dissertation submitted in partial fulfillment
of the requirements for the degree of
Doctor of Public Health
Department of Global Health
College of Public Health
University of South Florida

Major Professor: Ricardo Izurieta, M.D., Dr.P.H.
Azliyati Azizan, Ph.D.
Jaime Corvin, Ph.D.
Thomas Crisman, Ph.D.

Date of Approval:
June 13, 2014

Keywords: indicators, coliforms, drinking water, septic tank, water quality
Copyright © 2014, Major James Roy McKnight

DEDICATION

I dedicate this Doctoral Dissertation to two very special groups of people. First, I dedicate
this to the people of the Nandamojo Watershed in Costa Rica. They were not only friendly and
unselfish in helping me attain my goals, but they helped reestablish my faith in humanity. We
were welcomed into each community as if we were a part of them and for that, I will never
forget. The other group of people is my family. They have always supported the choices I made
in life and this was no different. It started with the values my parents instilled in me as a young
man to the sacrifices my wife and children have endured throughout my military career. Without
their support, this would have been impossible.

ACKNOWLEDGMENTS

I would be remiss if I did not acknowledge my dissertation committee. I want to start by
thanking my dissertation advisor and friend, Dr. Ricardo Izurieta for his support, mentorship, and
guidance he has provided me over the last three years. I have never met someone that exudes
passion about what he does; passion about public health, tropical diseases, medicine, people, and
basically, anything or anyone he touches. Every time we were together, whether in a class or in
the field in Costa Rica, I found myself learning something new from him. That is the way life
should be. I have enjoyed our time spent together and will forever be grateful for making me a
better human being.
Next, I want to thank Dr. Tom Crisman for allowing me to be a part of his research team
in Costa Rica. Although I never took classes from him at USF, I appreciated the times he spent in
Costa Rica with us, providing guidance, support, vision, and leadership. I hope to collaborate in
the future with him on water and ecology issues, as these will be important issues in the global
scheme of things.
Dr. Jaime Corvin has been my support channel from day one. In fact, I would have never
took the plunge into qualitative studies had it not been for her. She challenged all of us in her
Global Health 2, Needs Assessment class to work outside our comfort zones. Half of this
dissertation was definitely well outside my comfort zone. She is a remarkable person who has the
ability to reach out to people and to affect change.

I would also like to thank Dr. Azliyati Azizan for not just her support from day one, but
allowing me to be a part of her Aedes project, albeit a small part. It is always a bonus to come
across someone else who shares your love of microbiology. She is an outstanding researcher, but
more importantly (as far as I am concerned), a great teacher.
One person who was not on my committee, but deserves to be acknowledged is Sam
Patterson. This gentleman offered our research group a place to stay and operate while
conducting our research in Costa Rica. I cannot begin to express the gratitude that all of us have
for him and the employees at Pura Aventura; a fine good of professionals and human beings.
There are numerous students and other support research team members I have to mention who
have made this journey either pleasant or easier. First, my teammates in Costa Rica (Curtis
Devetter, Dr. Miguel Reina, Vinita Sharma, Mareka Lawsen, Anita Vassanapradit, Rigo, & Nate
Goddard). All of them had various roles, from interviewers to water samplers, which were
integral to the success of this dissertation. I also have to mention Mythili Penugonda and Matt
Rosensteele. Mythili processed recreational water samples for me, while Matt provided key
information on the Nandamojo communities, water systems, sanitation systems, and issues
within the environment, as it related to the themes in this dissertation. Last, I want to thank Dr.
Lakshminarayan Rajaram (“Dr. Raj”) for his help on some of the biostatistics in this dissertation.
Finally, I want to express my gratitude to a team of fine professionals who set me up for
success. I am referring to the Environmental Microbiology lab at the University of Iowa State
Hygienic Laboratory. Nancy, John, Mona, Cathy, Cindy, and Karen took me in and educated me
on a thing called bacterial indicator(s) of drinking water and how to sample for them. Although a
part of me regrets not staying on and working there, I am forever grateful for being in the
presence of this wonderful group of people.

TABLE OF CONTENTS
List of Tables ................................................................................................................................. iv
List of Figures…………………………………………………………………………………….vi
Abstract………………………………………………………………………………………….viii
Chapter One: Introduction ...............................................................................................................1
1.1 Purpose of the Study .....................................................................................................1
1.2 Hypotheses ....................................................................................................................5
1.3 Main Objectives ............................................................................................................5
1.4 Specific Objectives .......................................................................................................5
1.5 Research Questions .......................................................................................................6
1.6 Theoretical Models ........................................................................................................6
Chapter Two: Literature Review .....................................................................................................9
2.1 Health, Water, and Sanitation ........................................................................................9
2.1.1 The Millennium Development Goals and Target 7.C .....................................9
2.1.2 Types of Improved Water and Sanitation .....................................................11
2.1.3 Global and Regional Water and Sanitation Coverage ..................................12
2.1.4 Water and Sanitation Coverage in Costa Rica ..............................................15
2.1.5 Benefits of Improved Water and Sanitation..................................................18
2.2 Water Quality ...............................................................................................................20
2.2.1 Water and the Environment ..........................................................................20
2.2.2 Public Health Significance ............................................................................25
2.2.3 Water Quality Parameters .............................................................................30
2.2.4 Indicator Organisms ......................................................................................35
2.3 Communities, Water, and Sanitation ...........................................................................39
2.3.1 Perception on Water ......................................................................................39
2.3.2 Perceptions on Sanitation and the Environment ...........................................44
Chapter Three: Community Perceptions of Improved Water and Sanitation in the
Nandamojo Watershed: A Mixed Methods Approach..........................................50
3.1 Abstract ........................................................................................................................50
3.2 Introduction ..................................................................................................................51
3.3 Methods........................................................................................................................56
3.3.1 Overview of Methods ...................................................................................56
3.3.2 Household Recruitment and Procedures .......................................................57

i

3.4 Results ..........................................................................................................................60
3.4.1 Household Interviews ...................................................................................60
3.4.2 Focus Groups ................................................................................................62
3.4.3 Perceptions of Water .....................................................................................63
3.4.4 Perceptions of Sanitation ..............................................................................72
3.5 Discussion ....................................................................................................................78
3.6 Limitations ...................................................................................................................82
3.7 Conclusion ...................................................................................................................83
Chapter Four: An Assessment of Water Quality in Improved Water Systems of Rural
Costa Rica ..............................................................................................................85
4.1 Abstract ........................................................................................................................85
4.2 Introduction ..................................................................................................................87
4.3 Methods........................................................................................................................91
4.3.1 Overview of Methods ...................................................................................91
4.3.2 Household Recruitment and Procedures .......................................................92
4.3.3 Data Collection .............................................................................................93
4.3.4 Water Sample Collection ..............................................................................94
4.3.5 Water Sample Analyses ................................................................................95
4.3.6 Statistical Analyses .......................................................................................96
4.4 Results ..........................................................................................................................97
4.4.1 Water Quality ................................................................................................97
4.4.2 Household Interviews .................................................................................104
4.5 Discussion ..................................................................................................................109
4.6 Limitations .................................................................................................................112
4.7 Conclusion .................................................................................................................114
Chapter Five: Recreational Water and the Risk of Waterborne Illness in Costa Rica:
Community Perspective versus Water Quality Data ............................................115
5.1 Abstract ......................................................................................................................115
5.2 Introduction ................................................................................................................117
5.3 Methods......................................................................................................................120
5.3.1 Overview of Methods .................................................................................120
5.3.2 Household Recruitment and Procedures .....................................................121
5.3.3 Water Sampling Sites and Sample Collection ............................................123
5.3.4 Sample Processing ......................................................................................126
5.3.5 Statistical Analyses .....................................................................................127
5.4 Results ........................................................................................................................128
5.4.1 Water Quality ..............................................................................................128
5.4.2 Household Interviews .................................................................................134
5.4.3 Focus Groups ..............................................................................................136
5.4.4 Perceptions of Recreational Water and Health ...........................................137
5.5 Discussion ..................................................................................................................143
5.5.1 Interviews and Focus Groups......................................................................143
5.5.2 Water Quality ..............................................................................................144

ii

5.6 Limitations .................................................................................................................147
5.7 Conclusion .................................................................................................................148
Chapter Six: General Conclusions ...............................................................................................150
References ....................................................................................................................................154
Appendices ...................................................................................................................................183
Appendix A: IRB Approval Letter ..................................................................................184
Appendix B: IRB Amendment Letter ..............................................................................186
Appendix C: Costa Rica MOH Approval Letter..............................................................188
About the Author ........................................................................................................... END PAGE

iii

LIST OF TABLES
Table 2.1 United Nations Millennium Development Goals and Targets…………….…………10
Table 2.2 Definitions of Improved and Unimproved Drinking Water Sources and
Sanitation Facilities…………..………………………………………………………11
Table 2.3 Sanitation Coverage Rates for Costa Rica – 2010………………….………………..15
Table 2.4 Improved Sanitation Facilities for Costa Rica – 2008……………………………….16
Table 2.5 Drinking Water Coverage Rates for Costa Rica – 2010…………………..…………16
Table 2.6 Types of Drinking Water Sources for Costa Rica – 2008…………………...………17
Table 2.7 Economic Benefits Arising from Water and Sanitation Improvements………..……19
Table 2.8 Nonpoint Source Pollutants and Major Sources………………..……………………23
Table 2.9 Diseases Related to Unsafe Water, Sanitation, and/or Hygiene………………..……25
Table 2.10 Transmission Routes of Water-Related Diseases……………………………………26
Table 2.11 Environmental Classification of Excreta-Related Infections………….…..…………28
Table 2.12 Human Pathogens Associated with Animal Wastes…………………………………30
Table 3.1 Types of Drinking Water Sources and Sanitation……………………………………53
Table 3.2 Selection Criteria for Study Sites in the Nandamojo Watershed…………..………...56
Table 3.3 Characteristics of Household Interview Participants……………………...…………60
Table 3.4 Characteristics of Focus Group Participants…………………………………...…….62
Table 4.1 Summary of Water Quality Parameters for Study Site Households…………………98
Table 4.2 Summary of Water Quality Parameters for Study Site Source Water…………….....99
Table 4.3 Number and Percentage of Compliant Water Samples……………………..………100

iv

Table 4.4 Sensitivity, Specificity, and Predictive Values (PV) of Total Coliforms………..…104
Table 4.5 Household Socio-Demographics, All Sites Combined……………………..………105
Table 4.6 Reported Primary Household Drinking Water Sources and Treatment
Methods……………………..………………………………………………………106
Table 4.7 Association between Total Coliforms, Covariates, and Acute Diarrheal
Disease..………………………….…………………………………………………107
Table 4.8 Association between Fecal Coliforms, Covariates, and Acute Diarrheal
Disease..…………………………………………………………………………….108
Table 4.9 Association between Bacterial Indicators and ADD...…………………………..…109
Table 5.1 Summary of Freshwater Quality Parameters for Sample Sites……………….….…129
Table 5.2 Mean Values for Freshwater Quality Parameters for all Sites, by Time
Period………………………………………………………………………….……130
Table 5.3 Summary of Marine Water Quality Parameters for Sample Sites…………….……132
Table 5.4 Characteristics of Household Interview Respondents, by Study Site………………134
Table 5.5 Interview Respondent Perceptions of Fecal and Chemical Contamination
of Water Sources……………………………………………………………………136
Table 5.6 Demographics of Focus Group Participants, by Study Site………………………...137

v

LIST OF FIGURES
Figure 1.1 One Health Model………………………………………..……………………………7
Figure 1.2 The Social Ecology of Health Model…….…..……………….……………………….8
Figure 2.1 Drinking Water Coverage Trends by Developing Regions, 1990-2010………..……13
Figure 2.2 Sanitation Coverage Trends by Developing Regions, 1990-2010…………...………14
Figure 2.3 The Hydrological Cycle……………………………………………………….…......20
Figure 2.4 Routes of Excreta Contamination in Surface and Groundwater Sources……………24
Figure 2.5 The F Diagram…………………………………………………………………….....27
Figure 2.6 Global Human and Agricultural Sources of Fecal Pollution…………………..….....29
Figure 2.7 The Nitrogen Cycle…………………………………………………………..………33
Figure 2.8 The Coliform Group of Bacteria…………………………………..…………………37
Figure 3.1 The Social Ecology of Health Model………………………………...………………55
Figure 3.2 Study Sites in the Nandamojo Watershed………………………….…….…………..57
Figure 4.1 Names and Locations of Study Sites in the Nandamojo Watershed…………..…….91
Figure 4.2 Scatterplot Graph of Nitrates and Total Coliform…………….……………………101
Figure 4.3 Scatterplot Graph of pH and Free-Available Chlorine (FAC)……………...………101
Figure 4.4 Scatterplot Graph of Ammonia and Free-Available Chlorine (FAC)………………102
Figure 4.5 Scatterplot Graph of Ammonia and Turbidity……………………...………………102
Figure 4.6 Scatterplot Graph of pH and Turbidity……………..………………………………103
Figure 4.7 Scatterplot Graph of pH and Ammonia………..……...……………………………103
Figure 5.1 The Social Ecology of Health Model………………………………………………119

vi

Figure 5.2 Freshwater Sampling Locations in the Nandamojo Watershed………….…………124
Figure 5.3 Marine Water Sampling Locations in the Nandamojo Watershed

………………125

Figure 5.4 Mean Fecal Coliform Counts, by Freshwater Sampling Sites…………...…………130
Figure 5.5 Mean Rainfall versus Mean Fecal Coliform Counts, by Month……………………131
Figure 5.6 Scatterplot Graph of Enterococci and Ammonia Levels in Marine Water
Samples…………………..…………………………………………………………133
Figure 5.7 Scatterplot Graph of Enterococci and Fecal Coliforms in Marine Water
Samples……………..………………………………………………………………133

vii

ABSTRACT

Understanding the relationships between human health, water, sanitation, and
environmental health is a requirement to understanding the challenges that face researchers when
it comes to addressing global health relating to water and sanitation. Access to improved water
and sanitation is not only a precondition to health, but to all aspects of daily living. Target 7.C of
the Millennium Development Goals (MDGs) addresses worldwide disparities in access to
improved water and sanitation by calling for the reduction in “half of the proportion of people
without sustainable access to safe drinking water and sanitation by 2015”. Over 90% of the
population of Costa Rica has access to improved water and sanitation, thus exceeding the water
and sanitation targets for the Millennium Development Goals (MDGs). Despite having access to
water and sanitation, little is known whether communities are only interested in access or if
quality and quantity of water and sanitation systems are as equally as important. Target 7.c of the
MDGs does not include water quality in the definition of safe water. Furthermore, the use of the
words “safe” and “improved” in the target are often interchanged and can be misleading,
especially when considering the impact of water quality on population health. In Costa Rica,
households in the Nandamojo watershed have access to improved water and sanitation; it is
unclear whether the drinking water is potable with respect to Costa Rican and the World Health
Organization (WHO) water quality standards. The impact of leaking septic systems on human
and environmental health is also unknown.
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Illnesses associated with recreational water are an increasing public health problem,
causing a great burden of disease in bathers every year. The global health impact of infectious
diseases associated with recreational water exposure has been estimated at around three million
disability-adjusted life years (DALYs) per year, resulting in an estimated economic loss of
around twelve billion dollars per year. Fecal and chemical contamination of recreational water is
a concern, especially in areas of non-point source pollution. Health-based water monitoring is
often conducted in recreational waters as a tool for assessing risk. In Costa Rica, recreational
water sampling is conducted at coastal beach areas only, neglecting other surface waters used by
residents and tourists. Community perspectives regarding recreational water use and the
associated risks are limited. Understanding these perspectives will enable public health
professionals to better target community needs, such as education and to address the concerns of
participating communities.
This dissertation was divided into three chapters. The first chapter explored community
perceptions on improved water and sanitation, the second chapter assessed community water
systems and the risk of acute diarrheal disease, and the third chapter captured community
perceptions on recreational water use and the risk of waterborne illness. Methodologies for water
sampling and analyses were used to assess water quality, while household interviews and focus
groups were conducted to capture qualitative data.
Results from the first chapter showed participants had positive perceptions towards their
improved water and sanitation systems. Household interviews revealed almost half of the
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respondents had concerns with water quality, while less than 25% did not think their septic tanks
leaked or overflowed during rain events. Focus group discussions revealed common themes.
Participants identified water quality, health, pipes, water scarcity, odors, insects, and
overflow/infiltration of water and sanitation to be important issues. Participants revealed
convenience, improved health and safety and the lack of odors to be themes directly related to
customer satisfaction of improved water and sanitation.
Results from the second study revealed 57% of household samples had total coliform
bacteria above the Costa Rican standard for safe drinking water exceeding the single standard
limit of zero, while 61% failed the World Health Organization standard for fecal coliforms
exceeding the single standard limit of zero. AGII was identified in 41 of the 378 household
residents (11%). The odds ratio for AGII among household residents with a water sample
positive for total coliforms was 1.88 (0.81-3.17). Fecal coliforms were statistically significant for
those with AGII (OR = 3.19, 1.43-7.12). Regression modeling analyses revealed individuals with
AGII and household drinking water positive for fecal coliforms to be statistically significant (OR
= 3.01, 1.33 – 6.84), while other covariates (total coliforms, gender, treated water, and families)
also had odds ratios greater than one, but were not significant.
Results from the third chapter indicated most respondents felt recreational water sources,
such as streams and rivers were contaminated with human, animal, and chemical wastes. Focus
group participants also stated they did not use inland waters for recreational purposes for these
reasons. However, many did admit using marine water for recreational bathing and felt these
areas were not contaminated. These beliefs did coincide with the water quality results from
freshwater sources, but not marine sources. Fecal coliform contamination was widespread
throughout the watershed in freshwater sources. Marine water samples failed the World Health

x

Organization (WHO) and Costa Rican recreational water standards for fecal coliform and
enterococci in 36% and 6% of the samples, respectively.
The overall results of this dissertation suggest that the definitions of improved water and
sanitation have to include, at a minimum, water quality, water quantity, proper construction and
containment of storage tanks, and oversight and maintenance of these systems. Given the
challenges facing communities in the Nandamojo watershed regarding water and sanitation, it is
essential for scientists, researchers, policy makers, water committees, health providers, and
community members to design and implement strategies in water resource management and
proper waste management. Communities and water committees would also be best served if they
worked with government agencies to conduct concurrent testing of both recreational water and
drinking water, especially since both them target many of the same parameters.

xi

CHAPTER 1.
INTRODUCTION

1.1 Purpose of the Study
Costa Rica is well known in the international community as having one of the premier
healthcare systems in the world. This is reflected by their life expectancy rate, second only to
Canada when comparing all of the countries in the Americas (Unger, De Paepe, Bultrón, &
Soors, 2008). More impressive is the fact that Costa Rica boasts a 0.937 (on a scale of 1.0) for
health on the Human Development Index (United Nations Development Programme (UNDP),
2012a). The World Health Organization (WHO) defines health as “a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity” (WHO, 2013a).
Determinants of health reach beyond the boundaries of traditional health care and public health
sectors; sectors, such as education, transportation, agriculture and the environment are as
important in improving population health (Healthypeople.gov, 2013). In the developing world, it
is not only lifestyle changes that impact human health, but basic necessities, such as access to
safe water and improved sanitation. The impacts of water and sanitation extend way beyond the
borders of health. In fact, sanitation and drinking water are universally accepted as being
essential for not only human life, but for dignity and human development as well (WHO & UN
Water, 2012).
Goal 7, target 10 of the Millennium Developments Goals (MDGs) was established to
address this problem by targeting a worldwide goal of halving the proportion of people without
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sustainable access to safe drinking water and basic sanitation by 2015. Although it appears the
world will not meet the sanitation target for 2015, it is estimated that 92% of the world will have
access to improved drinking water (WHO, 2012a). Costa Rica has already achieved both targets
for 2015, as reported by the Joint Monitoring Programme (JMP) (UNICEF & WHO, 2012).
Despite these two achievements, it is unclear if this notion of access to improved water
and sanitation has directly improved quality of life and health outcomes for those in Costa Rica.
Access to improved water and basic sanitation isn’t merely an accessibility issue in itself; there
are other factors that need to be considered when defining access. According to Payen (2011),
there are six criteria that need to be required when considering the “human right to safe drinking
water”. Water must be 1) safe; 2) acceptable; 3) affordable; 4) accessible and available; 5) in
sufficient quantity; and 6) without discrimination. Payen goes on to conclude that the current
Millennium Development Goal for access to water excludes the needs and rights of billions of
people to have access to truly safe drinking water. Onda, LoBuglio, & Bartram (2012) also
looked at the issue of access to safe drinking water by measuring the impact water quality had on
the reported estimate of the global population with access to safe drinking water. When water
quality standards, to include the absence of fecal contamination, were merged with the definition
of access to drinking water, they found that current estimates for those using unimproved water
sources to be closer to one billion rather than 780 million, as reported by the WHO. They
concluded that greater attention is needed to better understand and manage the problem of
contamination of improved water sources (Onda, LoBuglio, & Bartram, 2012).
In many developing countries, water quality data are not available, especially in rural and
poor urban areas. Data are either not collected at all, collected sporadically or recorded in a
format that makes it difficult to analyze (UNICEF, 2008). This is especially true for water
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distribution systems. Although the presence of a public water distribution system is often an
indicator of improved water supply in a developing country, it should not be assumed that the
resulting water quality is always adequate for human consumption (Lee et al., 2005; Moe et al.,
2006). A substantial proportion of rural piped drinking water systems fail to function at any
given time or succumb to other failures, such as loss of adequate disinfectant residual, low water
pressure, and ageing infrastructure (WHO & UNICEF, 2000).
Another issue impacting water quality is inadequate sanitation and wastewater services. It
is estimated that more than 80% of sewage (human waste) in developing countries is discharged
untreated, polluting rivers, lakes, and coastal areas (World Water Assessment Programme, 2009).
In developing countries, many people have turned to septic tanks for collecting human waste. In
tropical areas, septic tanks tend to overflow, thus contaminating surface and groundwater
sources. This is typically due to excessive rainfall events, poor soil conditions, high water tables,
and poorly constructed septic tanks and leach fields (Olanrewaju, 1990). Insufficiency of data
about these pollution sources, natural conditions, and water-quality conditions, as well as the
lack of information of related to cultural, social, and economic factors often hinder the
development of effective management strategies for water resource protection particularly in
developing countries (Massoud, 2011). This holds true for many rural communities in Costa Rica
that use septic tanks as their household sanitation system and share the same concerns about
groundwater and surface water contamination from overflowing septic tanks (Goodier, 2005).
Community perceptions and awareness are important aspects of proper water and
sanitation management. In a program initiated by eThekwini Water and Sanitation Unit (1997),
vulnerable populations in Durban, South Africa were selected to participate in a study to increase
awareness and education on the proper use and management of water and sanitation systems in
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rural and urban areas. Various educational approaches were used to achieve the study objectives
through community participation. These approaches included the distribution of leaflets, home
visits, street theatre, workshop, community, and school programs, professional development of
educators, and the use of models. Though the program was deemed a success, other positive
impacts resulting from the increase in awareness and education was a substantial decrease in
diarrheal cases, the interruption of cholera transmission, a decrease in water usage and waste,
and an increase in community engagement with respect to water and sanitation issues
(eThekwini Water and Sanitation Unit, 1997). Benefits from having improved water and
sanitation systems in communities extend well beyond physical health; it also impacts activities
that influence mental health and ease of mind. This include the availability and convenience of
having these sources with respect to using them for drinking, cooking, laundry, and other
activities of daily life that people in developing countries often struggle with day-to-day.
In the Nandamojo watershed of Costa Rica, rural communities have access to improved
water sources (piped water from community wells) and sanitation systems (septic systems).
Despite these improvements, it is unknown whether water quality of household drinking water
meets Costa Rican or World Health Organization (WHO) water quality standards. It is also
unclear whether septic systems within these communities are properly constructed to prevent
overflow or leaching of human waste into the environment. Many studies have shown household
sewage and septic tank effluent and soak pits to be major contributors to groundwater
contamination (Canter, 1996). In addition to groundwater, surface waters are just as susceptible
to contamination from both human and animal wastes. This could have an impact on human
health if surface waters are used as drinking water sources, recreational water areas, or both.
Overall, this research aims to assess community perceptions on improved water sources and
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sanitation systems and to determine if these perceptions align with the MDGs and the WHO
definition of improved water and sanitation.
The outline of the dissertation has been divided in seven chapters: Chapter 1 describes the
purpose of the study and objectives; Chapter 2 includes the literature review; Chapters 3 to 5
covers the steps taken to address the purpose and objectives; and Chapter 6 provides general
conclusions and recommendations.
1.2 Hypotheses
a. Perceptions exist among households using piped drinking water that the drinking water is
safe for consumption;
b. Perceptions exist among community members that septic tanks contribute to bacterial
contamination of both groundwater and surface water sources; and
c. Improved drinking water and improved sanitation, as defined by international and national
organizations are not safe enough for human consumption or use.
1.3 Overall Objectives
a. To explore community perceptions regarding the impact of improved water and sanitation
sources on human health and the environment;
b. To determine if improved drinking water and sanitation are safe for consumption and use in
the Nandamojo watershed; and
c. To explore community perceptions on recreational water use and contamination of
recreational water sources.
1.4 Specific Objectives
a. To investigate community perceptions about improved water and sanitation, and the factors
influencing those perceptions;
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b. To assess the bacteriological and chemical quality of household drinking water and source
(raw) water; and
c. To investigate community perceptions about recreational water use, contamination, and the
factors influencing those perceptions.
1.5 Research Questions
a. Are total coliforms appropriate as a bacteriological indicator for drinking water systems in
tropical climates?
b. Do community water systems use free-available chlorine (FAC) as a disinfectant and if so,
are they maintaining an effective residual?
c. Are there differences among communities with regards to perceptions about water,
sanitation and health?
d. Do consumers care about treatment and/or testing of drinking water?
e. Are community members concerned with contaminants in recreational waters and if so,
does this drive their decision to use it for recreational use?
f. Are improved water and sanitation sources in the Nandamojo watershed -as defined by the
MDGs and the WHO- safe, based on biological and chemical water quality test results?
1.6 Theoretical Models
There were two models used together to form a foundation in shaping and guiding the
research. The One Health approach is a concept that recognizes the links between human health
and the health of animals and the environment (Figure 1.1). It is not a new concept, as it dates as
far back to the 19th century, when Dr. Rudolf Virchow recognized the dynamic link between
animal and human health (Centers for Disease Control, 2014). This concept has been adopted by
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organizations, such as the World Health Organization, the Centers for Disease Control, and the
United Nations. In fact, 71 nations adopted the Hanoi declaration in 2010, which called for a
more focused approach in the animal-human-ecosystem interface in facing some of the emergent
health issues in the world (CDC, 2014). This same approach was applied to this dissertation in
hopes of capturing and linking community perceptions to this complex interface.

Human

HEALTH

Ecosystem

Animal

Figure 1.1 One Health Model

The Social Ecology of Health Model (SEM) was also used as a guiding model for this
dissertation (Figure 1.2). This model consists of 5 levels (intrapersonal, interpersonal,
organizational, community, and societal factors) that are used to explain health behavior as well
as incorporating aspects of the social and physical environment (Coreil, 2010). At the
intrapersonal level, there are biological and psychological factors that may influence one’s
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perceptions on water and sanitation systems. Some of these factors include age and education.
The second level (interpersonal) includes factors that may influence one’s perception because of
experiences and social interactions arising from relationships with group peers and family
members. The organizational level is identified in places, such as schools, work, health
organizations, and clubs/associations and is used to explain the differences in perceptions among
those who have an education or are provided information on improved water and sanitation. The
fourth level looks at the built environment, public facilities, social class, ethnicity/culture, and
social capital. Last, but not least, the societal level includes macro level factors, such as policy
development, national ethos, education policies, and economics. Household interviews and focus
groups will be used to determine where community perceptions are derived and influenced.
Individual

Behavior
Level 1:
Intrapersonal
Biological

Home

Work

Built
Environment

Infrastructure

Family

Health
Organizations

Public
Facilities

Health
Facilities

Psychological

Clubs &
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Peer Group

Social
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Education

Source: Coreil, 2010

Figure 1.2 The Social Ecology of Health Model
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CHAPTER 2.
LITERATURE REVIEW

2.1 Water, Sanitation, and Health
2.1.1 The Millennium Development Goals and Target 10. In 2000, world leaders
united together at the United Nations in creating the United Nations Millennium Declaration,
committing their nations to a global plan in reducing extreme poverty through the use of timebound targets - with a deadline of 2015 - that are known as the Millennium Development Goals
(United Nations Millennium Project, 2013). These goals essentially focus on basic human rights;
the rights of each person on the planet to health, education, shelter, and security (United Nations
Millennium Project, 2013). Within these goals, the right to access safe drinking water and basic
sanitation were recognized for their impacts on sustaining health through the implementation of
Goal 7, Target 10 (Table 2.1).
Universal access to improved water and basic sanitation are not just important targets for
improving human health, but are also vital to other MDGs. In a study conducted by Cheng,
Schuster-Wallace, Watt, Newbold, & Mente (2012), analyses were conducted in an attempt to
quantify relationships between water, sanitation, newborn, child, and maternal health. They
found that an increase in access to water and sanitation was significantly associated with
decreases in negative health outcomes found in child and maternal health. Furthermore,
statistically significant relationships between access to an improved water source and Goals 1, 3,
4, 5 and 6 were found, along with significant relationships between access to improved sanitation
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and Goals 4 and 5. The authors concluded that their findings indicate the need to make access to
improved water and basic sanitation a priority for achieving the MDG targets. The Pan American
Health Organization (PAHO) monitors and assists all of Latin America in their quests of
achieving the MDGs. In fact, they report that 93% of Latin American countries have achieved
the goal of access to improved water, while 80% has access to improved sanitation (Pan
American Health Organization, 2013). Despite the successes of achieving or nearing the
established goals set for water and sanitation, PAHO does acknowledge that people may be atrisk for diseases from consumption of water contaminated with pathogens, chemicals, and
radiological hazards and need to consider that when assessing improved water. Furthermore,
solid waste management and wastewater and excreta are also important elements that influence
water purity and human health.

Table 2.1
United Nations Millennium Development Goals and Targets
Goal 1: Eradicate Extreme Hunger and Poverty
Target 1. Halve, between 1990 and 2015, the proportion of people whose income is less than $1 a day
Target 2. Halve, between 1990 and 2015, the proportion of people who suffer from hunger

Goal 2: Achieve Universal Primary Education
Target 3. Ensure that, by 2015, children everywhere, boys and girls alike, will be able to complete a full course of primary schooling

Goal 3: Promote Gender Equality and Empower Women
Target 4. Eliminate gender disparity in primary and secondary education, preferably by 2005, and in all levels of education no later than 2015

Goal 4: Reduce Child Mortality
Target 5. Reduce by two-thirds, between 1990 and 2015, the under-five mortality rate

Goal 5: Improve Maternal Health
Target 6. Reduce by three-quarters, between 1990 and 2015, the maternal mortality ratio

Goal 6: Combat HIV/AIDS, Malaria and other diseases
Target 7. Have halted by 2015 and begun to reverse the spread of HIV/AIDS
Target 8. Have halted by 2015 and begun to reverse the incidence of malaria and other major diseases

Goal 7: Ensure Environmental Sustainability
Target 9. Integrate the principles of sustainable development into country policies and programs and reverse the loss of environmental resources
Target 10. Halve, by 2015, the proportion of people without sustainable access to safe drinking water and basic sanitation
Target 11. Have achieved by 2020 a significant improvement in the lives of at least 100 million slum dwellers

Goal 8: Develop a Global Partnership for Development
Target 12. Develop further an open, rule-based, predictable, nondiscriminatory trading and financial system (includes a commitment to good
governance, development, and poverty reduction; both nationally and internationally)
Target 13. Address the special needs of the Least Developed Countries (includes tariff- and quota-free access for Least Developed Countries
exports, enhanced program of debt relief for heavily indebted poor countries [HIPCs] and cancellation of official bilateral debt,
and more generous official development assistance for countries committed to poverty reduction)
Target 14. Address the special needs of landlocked developing countries and small island developing states (through the Program of Action for the
Sustainable Development of Small Island Developing States and 22nd General Assembly provisions)
Target 15. Deal comprehensively with the debt problems of developing countries through national and international measures in order to make debt
sustainable in the long term
Target 16. In cooperation with developing countries, develop and implement strategies for decent and productive work for youth
Target 17. In cooperation with pharmaceutical companies, provide access to affordable essential drugs in developing countries
Target 18. In cooperation with the private sector, make available the benefits of new technologies, especially information and communications
technologie

Source: United Nation Millennium Project, 2013
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2.1.2 Types of Improved Water and Sanitation Systems. The WHO/UNICEF Joint
Monitoring Programme (JMP) for water supply and sanitation is the official United Nations
mechanism tasked with monitoring progress towards this target (WHO & UNICEF, 2013). The
JMP defines an improved drinking water source as “one that, by the nature of its construction,
adequately protects the source from outside contamination, particularly faecal matter” and an
improved sanitation facility “as one that hygienically separates human excreta from human
contact” (UNICEF & WHO, 2012). Table 2.2 summarizes the differences between improved
versus unimproved drinking water and sanitation technologies.

Table 2.2
Definitions of Improved and Unimproved Drinking Water Sources and Sanitation Facilities

Source: UNICEF & WHO, 2012
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The JMP uses these working definitions in monitoring progress by exclusively looking at
the types of facilities used. It relies on data collected from household surveys and censuses from
developed countries and reports from governments in developing countries. It does not take into
account other factors, such as safe disposal of excreta, drinking water quality, availability of
adequate quantities of water for consumption, and operation and maintenance of both water and
sanitation systems. Furthermore, the term “sustainable access” has not been adequately defined
in measurable terms, thereby leaving this open to interpretation (UNICEF & WHO, 2012). The
JMP defines sustainable, safe drinking water as water with microbial, chemical and physical
characteristics that meet WHO guidelines or national standards on drinking water quality (WHO,
2013b). Furthermore, sustainable basic sanitation is defined as the lowest-cost technology
ensuring hygienic excreta and sullage disposal and a clean and healthful living environment both
at home and in the neighborhood of users (WHO, 2013b). It is very common for sustainable
water and sanitation programs in developing countries to fail for a myriad of reasons. These
reasons includes financial costs that are unaffordable or impractical, communities that never
have ownership of the new infrastructure, community education that is non-existent, and lack of
interest in community-level participation (Carter, Tyrrel, & Howsam, 1999).
2.1.3 Global and Regional Water and Sanitation Coverage. From 1990 to 2010, it was
estimated that over two million people worldwide gained access to improved water sources,
despite the fact that eleven percent continue to use unimproved sources (UNICEF & WHO,
2012). Roughly 89% of the world’s population had access to an improved water source in 2010
(Figure 2.1). Regionally, 162 million people in Latin America and the Caribbean have gained
access to an improved drinking source since 1990 and have met the MDG drinking water target
(UNICEF & WHO, 2010). Globally, piped water systems had the largest increase in usage
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among improved water systems from 45 percent in 1990 to 54 percent in 2010 (UNICEF &
WHO, 2012). The use of piped water grew even faster in rural areas – from 18 percent in 1990 to
29 percent in 2010. This trend was also reflected in rural areas throughout Latin America and the
Caribbean, as piped water usage increased by 22 percent from 1990 to 2008 (UNICEF & WHO,
2010).

Source: UNICEF & WHO, 2012

Figure 2.1 Drinking Water Coverage Trends by Developing Regions, 1990-2010

Even though more people now have access to improved water sources, disparities
continue to exist among water access and coverage between urban and rural dwellers.
Worldwide, the number of people in rural areas using unimproved water sources in 2010 was
still five times greater than in urban areas (UNICEF & WHO, 2012). In Latin America and the
Caribbean, 25 million rural dwellers continue to use unimproved water sources as compared to
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13 million people living in the urban sector (UNICEF & WHO, 2010). Unlike water, the
sanitation target has not fared as well. At its current pace, the sanitation target will most likely
not meet its goal of 75 percent by 2015, despite the progress made worldwide. From 1990 to
2010, the percentage of those using improved sanitation systems increased from 49 percent to 63
percent (Figure 2.2). Since 1990, it is estimated that 1.8 billion of the world’s population gained
access to an improved sanitation facility. In Latin America and the Caribbean, 80 percent or 472
million people had access to improved sanitation facilities in 2010; up from 68 percent reported
in 1990.

Source: UNICEF & WHO, 2012

Figure 2.2 Sanitation Coverage Trends by Developing Regions, 1990-2010

There is also a large disparity when comparing sanitation coverage rates among rural and
urban populations. In 2010, the JMP reported that 79 percent of the urban population used
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an improved sanitation facility as compared to 47 percent of the rural population. Worldwide, the
number of people in rural areas using unimproved sanitation facilities was two and a half times
that of those in urban areas, despite the fact the number of people using unimproved facilities in
rural areas decreased from 1990 to 2010 (UNICEF & WHO, 2012). Latin America and the
Caribbean also struggle with this disparity, as those living in rural areas were two times more
likely to be using unimproved sanitation facilities as compared to their urban counterparts
(UNICEF & WHO, 2012).
2.1.4 Water and Sanitation Coverage in Costa Rica. Although Costa Rica is
considered a developing country, its water and sanitation coverage rates reflect that of a
developed country. From 1990 to 2010, those using improved sanitation facilities increased from
93 percent to 95 percent (JMP, 2012). Sanitation coverage rates for Costa Rica for 2010 are
shown below in Table 2.3.

Table 2.3
Types of Sanitation and Coverage Rates for Costa Rica - 2010
Improved

Shared

Unimproved

Open
Defecation

Urban

95%

4%

1%

0%

Rural

96%

4%

0%

0%

Total
(Ave.)

95%

4%

1%

0%

Source: UNICEF & WHO, 2008

There are distinct differences between rural and urban populations and the types of
sanitation facilities that are used. Flushed toilets connected to piped sewer systems were used by
39.9 percent of the urban population as compared to only 4.3 percent of the rural population
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in 2008 (JMP, 2012a). Septic tanks, on the other hand, were used by 88.5 percent of those in
rural areas versus 58.7 percent of those living in urban areas (Table 2.4). The remaining percent
in both populations either practiced open defecation or used other facilities, such as unprotected
pit latrines.

Table 2.4
Improved Sanitation Facilities for Costa Rica – 2008
Flush toilet to piped sewer system

Flush toilet to septic tank

Urban

39.9%

58.7%

Rural

4.3%

88.5%

Total
(Ave.)

22.1%

73.6%

Source: JMP, 2012a

As with sanitation, drinking water coverage rates for Costa Rica also showed a similar
trend from 1990 to 2010. Improved water source use by both rural and urban populations
increased from 93 percent to 97 percent (JMP, 2012). Drinking water coverage rates for Costa
Rica for 2010 are shown in Table 2.5.

Table 2.5
Drinking Water Coverage Rates for Costa Rica – 2010
Improved

Piped

Other

Unimproved

Urban

100%

100%

0%

0%

Rural

91%

89%

2%

9%

Total
(Ave.)

97%

96%

1%

3%

Source: UNICEF & WHO, 2012
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In 2008, the JMP (2012b) reported rural communities used various water sources that
included (1) tap water, piped into dwelling (37.8%); (2) tap water, other (47.2%); (3) rainwater
(0.5%); (4) other improved sources (2.8%); and (5) rivers (5.1%). The majority of those living in
urban areas had piped tap water in their homes (68.6%), while others used tap water, other
(25.2%) and other improved sources (5.6%). See Table 2.6 for details.

Table 2.6
Types of Drinking Water Sources for Costa Rica - 2008
Urban

Rural

Tap water, piped into dwelling

68.6%

37.8%

Tap water, other

25.2%

47.2%

0%

0.5%

5.6%

2.8%

0%

5.1%

Rainwater
Other improved sources
Rivers
Source: JMP, 2012b

Even though Costa Rica has one of the highest coverage ratios of drinking water for its
population in Latin America, the disparities in access to drinking water between urban and rural
areas persist (Madrigal, Alpízar, & Schüter, 2010). Rural populations typically get their drinking
water from various types of community organizations, whereas urban populations obtain their
water from government water utilities. Community organizations or municipalities as they are
often referred to, manage rural water systems without technical knowledge and financial
resources, and as a result, do not monitor quality and quantity of water (Lager & Wikström,
2007). In Costa Rica, the Ministry of Health has medical oversight of drinking water systems,

17

while the Ministry of Environment, Energy and Telecommunications (MINAE) is the proponent
for drinking water standards. The government agency that regulates drinking water services is
the AyA (Instituto Costarricense de Aquaductos y Alcantarillados). In 2000, the AyA started a
project called ASADAS (asociaciones de administración de agua) with the intention of uniting
rural communities receiving government water to manage and operate their water systems
(Mirabeau & Guillermo, 2007). Although many rural communities in the Nandamojo watershed
are a part of the ASADAS, the level of community involvement in this project, from
management to water testing is not clearly defined.
2.1.5 Benefits of Improved Water and Sanitation. An estimated 94% of the diarrheal
burden of disease is attributable to the environment and associated with risk factors such as
unsafe drinking water, lack of sanitation and poor hygiene (Prüss-Üstün & Corvalán, 2006).
Health is generally not altered unless there are improvements in both water and sanitation
concurrently (Bourne, 1984). Checkley, Gilman, Black, Epstein, Cabrera, Sterling, & Moulton
(2004) explored this relationship by assessing the effects of water and sanitation on childhood
health. They found that a “better” water source did not accomplish full health benefits if it was
not accompanied by improved sanitation and better practices of water storage. Many
organizations provide improved water and sanitation systems to communities in need; however,
these systems may not deliver the benefits they were intended to and be non-sustainable. Carter,
Tyrrel, & Howsam (1999) point out that these water and sanitation systems may fail for various
reasons. This includes: 1) people use less than the design per caput water supply volume; 2)
while distance to source has been reduced, women still have to carry heavy loads of water in clay
jars or plastic jerry cans, leading to discomfort or injury; 3) while water quality
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may be good at source, fecal contamination may be evident at the point of consumption; 4)
periodic breakdown of new sources necessitates continued use of ‘traditional’ contaminated
sources; 5) while latrines may have been built, they may not be fully utilized by all community
members; 6) while increases have taken place in water supply, attention to wastewater disposal
may be inadequate or non-existent; and 7) adoption of good hygiene practices may be limited.
The authors suggest that the community sustainability chain (motivation, maintenance, cost
recovery, and continued support) to be a key component to achieving benefits from improved
water and sanitation systems. Improvements in water and sanitation not only impacts human
health, but provide other benefits, such as reduced health costs, increased job productivity, and
increase of quality-of-life (Table 2.7). The WHO has estimated that the economic benefits of
investments in meeting the water and sanitation targets would outweigh costs by a ratio of about
8:1 (Prüss-Üstün & Corvalán, 2006; WHO, 2012b).

Table 2.7
Economic Benefits Arising from Water and Sanitation Improvements
Direct economic
benefits of avoiding
diarrheal disease

Beneficiary


Health sector


Patients




Indirect economic
benefits related to
health improvement

Less expenditure on
treatment of
diarrheal disease for government and
non-government organizations



Less expenditure on treatment of
diarrheal disease and less related costs
Less expenditure on transport in seeking
treatment
Less time lost due to treatment seeking







Value of less health
workers falling sick
with diarrhea
Decreased risk of exposure for
patients



More efficiently managed
water resources and
effects on vector
bionomics

Value of avoided days lost at
work or at school
Value of avoided time loss of
parent/caretaker of sick
children



More efficiently managed
water resources and
effects on vector
bionomics



Time savings related to water collection or
accessing sanitary facilities
Labor-saving devices in household
Switch away from more expensive water
sources
Property value rise
Leisure activities and non-use value
Safety, specifically for women
Benefits to agriculture and industry of
improved water supply, more efficient
management of water resources – timesaving
or income generating technologies
and land use changes
No contamination of products or water for
animals
Compliance with environmental regulations




Consumers



Agricultural
and
industrial
sectors

Non-health benefits
related to water and
sanitation improvement

Less expenditure on
treatment of
employees with
diarrheal disease



Less impact on
productivity of
ill-health of workers









Source: Adapted by the author from the World Health Organization, 2004
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2.2 Water Quality
2.2.1 Water and the Environment. Water is essential for the functioning of the Earth’s
ecosystems. Although most of the water resides in the sea, our dependence of available water on
land is through surface water and groundwater sources. One of the most important geophysical
processes affecting life today is the hydrological cycle (Figure 2.3).

Source: Trenberth et al., 2006

Figure 2.3 The Hydrological Cycle

Globally, there is much concern about the impact climate change will have on this cycle,
especially as it relates to water quantity (scarcity) and water quality (European Commission,
Directorate-General for Research, 2006; United States Environmental Protection Agency, 2009).
Currently, 1.6 billion people live in countries and regions with absolute water scarcity and the
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number is expected to rise to 2.8 billion people by 2025 (World Bank, 2013). Drinking water
requirements will also face increasing demand from competing uses of water such as agriculture
and industry (UNICEF & WHO, 2011). The United Nations Development Programme (UNDP)
and the National Meteorological Institute (NMI) used models to predict the future impact climate
change will have on Costa Rica and found that climate change will lead to extreme weather,
likely leading to 35% to 75% more rainfall on the Caribbean slope during some months of the
year while reducing precipitation by 15% in the northern Pacific and central regions (UNDP,
2012b; World Bank, 2009). The model also forecasted the provinces of Guanacaste and
Puntarenas to be highly vulnerable to climate change and at high risk of being impacted by
extremely dry events. This reduction will most certainly impact various drinking water sources;
sources that are already struggling in keeping up with the demands of agricultural irrigation,
agribusiness activities, industry, and tourism (Ballestero, 2003).
The WHO (2009a) conducted a study looking at the impact of climate on improved water
and sanitation systems by measuring each system’s resiliency to climate change. Resiliency was
determined by taking into account the vulnerability and adaptive capacity of each system.
Shallow groundwater systems, roof rainwater harvesting and some surface waters were
considered to be vulnerable to extended dry periods, while piped distribution networks are
typically vulnerable to contamination and will be at increased risk where more frequent flooding
occurs (WHO, 2009a). Flooding and heavy rainfall events are associated with increased risk of
infection in developing countries, due to the potential for groundwater contamination and
deterioration in the quality of surface waters (Hunter, 2003). Flooding is common during the
rainy season in Costa Rica, especially in the Guanacaste Province where they receive, on
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average, up to 16 inches per month of rainfall (The World Bank Group, 2013; National Weather
Services of Costa Rica, 2013).
Degradation of water quality is another concern and threat to those using improved water
sources. Water quality is constantly affected by the changing environment. Anthropogenic events
impact global water systems through climate change, basin-scale water balance changes, river
flow regulation, sediment fluxes, chemical pollution, microbial pollution, and biodiversity
changes (Vörösmarty, Lettenmaier, Leveque, Meybeck, Pahl-Wostl, & Alcamo, 2004). Pollution
of the aquatic environment is defined as the introduction by man, directly or indirectly, of
substances or energy which result in such deleterious effects as: 1) harm to living resources; 2)
hazards to human health; 3) hindrance to aquatic activities including fishing; and 4) impairment
of water quality with respect to its use in agricultural, industrial and economic activities
(Chapman, 1996). Dispersal of pollutants, such as toxic chemicals, fecal bacteria, and heavy
metals into surface and sub-surface water sources occurs through point and non-point (diffuse)
sources. Point sources are pollution inputs that can be related to a single outlet, whereas nonpoint (diffuse) sources are difficult to identify because they cannot be ascribed to a single point
or a single human activity although they may be due to many individual point sources to a water
body over a large area (Chapman, 1996) (Table 2.8).
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Table 2.8
Nonpoint Source Pollutants and Major Sources
Acids and Salts

Heavy Metals
(Lead, Mercury,
Zinc)

Toxic Chemicals
(Pesticides,
Organic/Inorganic
Compounds)

Pathogens
(Bacteria,
Viruses)

Croplands

Irrigated Lands

Mining Operations

Croplands,

Domestic

Mining Operations

Nurseries

Mining Operations

Vehicle Emissions

Nurseries, Orchards

Sewage

Croplands

Orchards

Urban Runoff,

Urban Runoff,

Building Sites

Livestock

Logging Operations

Livestock Operations

Roads, Parking

Roads, Parking Lots

Gardens, Lawns

Waste

Streambank/Shoreline

Gardens, Lawns, Forests

Lots

Landfills

Landfills

Landfills

Erosion

Petroleum Storage Areas

Landfills

Grazed Woodland

Landfills

Sediment

Nutrients (Fertilizers,
Grease, Organic
Matter)

Construction Sites

Sources: United States Environmental Protection Agency, 2012; Ohio State University Extension, 1992;
Perry & Vanderklein, 2009

Groundwater sources are typically the most affected by natural chemical contamination,
where chemicals, such as arsenic or fluoride are present in the rocks and soils of the aquifer and
are absorbed by the groundwater through a variety of chemical processes (UNICEF, 2008).
Today, major threats to groundwater from anthropogenic activities include: 1) nitrates; 2)
pesticides; 3) petro-chemicals; 4) chlorinated solvents; 5) radioactive materials; and 6) salts
(Sampat, 2000). Anthropogenic, animal, and climatic activities can also contribute to the
microbiological contamination of groundwater as well (United States Geological Survey, 2002;
Valenzuela, Lagos, Claret, Mondaca, Pérez, & Parra, 2009; Howard, Pedley, Barrett, Nalubega,
& Johal, 2003; Kanyerere, Levy, Xu, & Saka, 2012; Scandura & Sobsey, 1997) (Figure 2.4).
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Source: Diaz-Cruz, López de Alda, & Barceló, 2003

Figure 2.4 Routes of Excreta Contamination in Surface and Groundwater Sources
Overall, agricultural practices are ranked number one as the most important factor for
water quality impairment (Puckett, 1995; Pearson, 1999). These practices include the application
of fertilizer, animal manure, and pesticides in fields and the overgrazing of pastures by farm
animals. In Costa Rica, the quality of drinking water from groundwater and surface water is not
only affected by agricultural practices through the leaching of nitrates and nitrites from
fertilizers, but also through the leakage of fecal matter from septic tanks (Lager & Wikström,
2007).
The WHO estimates that between 23 and 25 percent of the global burden of disease could
be avoided by improved management of environmental conditions, to include surface and
groundwater sources (Prüss-Üstün & Corvalán, 2006). Zeeman, Weinstein, Fearnley, Skelly,
Naumova, Jagai,…Ford (2012) suggest broader ecological drivers are responsible for disease
production in the majority of the world’s populations and the use of multiple-barrier approaches
in managing public health risks is necessary. This includes limiting contamination of water
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sources, preventing contaminants from entering the system between the source and delivery
point, and rigorously monitoring water for contaminants.
2.2.2 Public Health Significance. The relationship of water, sanitation and disease
transmission has been well documented throughout the years (Cairncross & Valdmanis, 2006;
Prüss, Kay, Fewtrell, & Bartram, 2002; Yang, LeJeune, Alsdorf, Lu, Shum, & Liang, 2012;
Briggs, 2003; Young & Briscoe, 1987; Brown, Cairncross,& Ensink, 2013; Mahalanabis, Alam,
Rahman, & Hasnat, 1991). Unsafe water, inadequate sanitation, and insufficient hygiene account
for an estimated 9.1 percent of the global burden of disease and 6.3 percent of all deaths (PrüssÜstün, Bos, Gore, & Bartram, 2008). Globally, diarrheal diseases are most commonly associated
with unsafe water, sanitation, and/or hygiene; however, they are also impacted by poor hygiene
related to agricultural practices, contact with unsafe water, and inadequate development and
management of water resources or water systems (Prüss-Üstün, Kay, Fewtrell, & Bartram,
2004). A number of illnesses fall within the realm of diarrheal disease (Table 2.9).

Table 2.9
Diseases Related to Unsafe Water, Sanitation, and/or Hygiene
Bacterial

Viral

Parasite

Chemical

Other

Cholera,
Shigellosis,
Salmonellosis,
Impetigo,
Trachoma,
Legionellosis

Norovirus,
Hepatitis A,
Hepatitis E,
Dengue,
Yellow Fever,
Japanese Encephalitis

Schistosomiasis,
Ascariasis,
Trichuriasis,
Hookworm,
Dracunculiasis,
Scabies,
Onchocerciasis,
Malaria,
Filariasis

Methemaglobinemia,
Arsenicosis,

Drowning

Source: Adapted by the Author from Prüss-Üstün, Kay, Fewtrell, & Bartram, 2004

Transmission of gastrointestinal infections from contaminated water occurs through
multiple routes (Table 2.10). The shortest route is person-to-person (hygiene related), while the
longer routes include the transfer of pathogens from food or water to the host. The predominant
route usually depends on the survival of the pathogen, local infrastructure, and human behavior
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(Prüss-Üstün, Kay, Fewtrell, & Bartram, 2004). Prevention of gastrointestinal infection
transmission not only requires improvements in water quality, it may also require improvements
in availability and quantity of water, depending on the transmission route (Cairncross &
Valdmanis, 2006).

Table 2.10
Transmission Routes of Water-Related Diseases
Classification

Transmission route

Examples of diseases transmitted

Water-borne

Through ingestion of pathogens in drinking water

Water-washed

Through incidental ingestion of pathogens in the course of other
activities; results from having insufficient water for bathing or
hygiene; person-to-person transmission

Water-based

Through an aquatic invertebrate host resulting from physical contact
with contaminated water

Water-related
(insect vector)

Through an insect vector that breeds in or near water










Diarrheal diseases (e.g., cholera)
Hepatitis A
Typhoid
Shigella dysentery
Diarrheal diseases
Trachoma
Scabies
Polio

 Guinea worm
 Schistosomiasis

 Malaria
 Dengue
 Filariasis

Source: Bradley, 1977; Cairncross & Feachem, 1993

Disease prevention also demands improvements in sanitation (i.e. human excreta
management) that should result in the isolation or destruction of pathogenic material and, hence,
a break in the transmission pathway and the contamination of the environment (Prüss-Üstün,
Kay, Fewtrell, & Bartram, 2004). The main routes of transmission from feces to human (face)
are presented in Figure 2.5, along with intervention methods designed to break the fecal-oral
route of transmission. Environmental classification of excreta-related infections is listed in Table
2.11. Both of these illustrations can be linked back to the One Health Model where transmission
can occur at any time between human, animal, and ecosystem through a linear direction or
simultaneous directions.
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Figure 2.5 The F diagram
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Barriers can stop the
transmission of
disease; these can be
primary or
secondary. They can
be controlled by
water, sanitation,
and hygiene
interventions, as
illustrated by the
stars in the diagram

Sanitation

Hygiene

Water

Table 2.11
Environmental Classification of Excreta-Related Infections
Category

Infections

Dominant transmission

Person to person contact,
Domestic contamination

1

Facial-oral (non-bacterial)
Non-latent, Low infectious dose

Poliomyelitis, Hepatitis A, Rotavirus diarrhea,
Amoebic dysentery, Giardiasis, Balantidiasis,
Enterobiasis, Hymenolepiasis

2

Fecal-oral (bacterial), Non-latent, medium or high
infectious dose, moderate
persistent and able to multiply

Diarrheas and dysenteries,
Campylobacter enteritis, Cholera,
E.coli diarrhea, Salmonellosis, Shigellosis,
Yersiniosis, Enteric fevers, Typhoid,
Paratyphoid

3

Soil transmitted helminthes; Latent and persistent
with no intermediate host, beef and pork tapeworm

Person to person contact,
Ground contamination,
Water contamination,
Crop contamination

Yard contamination,
Domestic contamination,
Crop contamination
Ascariasis (roundworm)
Trichuriasis (whipworm)
Hookworm
Strongyloidiasis
Taeniasis
Yard contamination,
Field contamination,
Fodder contamination

4

Latent and persistent with cow or pig intermediate
host, water-based helminths

5

Latent and persistent with aquatic intermediate
host(s)

Schistosomiasis, Clonorchiasis,
Diphyllobothriasis, Fasciolopsiasis
Paragonimasis

Excreta-related insect vectors

Filariasis (transmitted by Culex pipiens
mosquitoes)
Infections in Categories I-V,
Especially I and II, which may be transmitted
by flies and cockroaches

6

Water contamination

Insects breed in various fecally contaminated
sites

Source: Adapted by the author from Cairncross & Feachem, 1993

The proper management of animal excrement should also be considered when protecting
water sources. Domestic animals, such as poultry, cattle, sheep and pigs generate 85% of the
world’s animal faecal waste; proportionally a far greater amount than the contribution by the
human population (Dufour, Bartram, Bos, & Gannon, 2012). In fact, the biggest contributor of
global fecal pollution is cattle (Figure 2.6).
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Source: Dufour, Bartram, Bos, and Gannon, 2012

Figure 2.6 Global Human and Agricultural Sources of Fecal Pollution

Contamination of waters with animal excreta is a concern, despite the assumption that
animal feces represented a lesser risk as compared to human waste because of the species barrier
and species specificity of certain microbes (Dufour, Bartram, Bos, & Gannon, 2012). Fecal
contamination of meat, vegetable, and fruit products through improper slaughtering practices and
contaminated irrigation water continues to sicken people worldwide (Dewaal & Bhuiya, 2006;
Danyluk, Goodrich-Schneider, Schneider, Harris, & Worobo, 2012; Lynch, Tauxe, & Hedberg,
2009; Centers for Disease Control & Prevention, 2013; Beuchat, 1996). A list of human
pathogens associated with animal wastes is shown in Table 2.12. Livestock are known for
congregating in stream-riparian zones, resulting in feces and urines in these areas, increasing
nutrient concentrations in the stream water, and destruction of riparian zones (USGS, 2007).
Some management practices that may reduce nutrient loading would be to restrict cattle and
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other farm animals from streams and riparian zones through fencing, constructing additional
water troughs, and not allow for overstocking of cattle.

Table 2.12
Human Pathogens Associated with Animal Wastes
Viruses/Groups

Bacterium/Group

Parasites (Protozoans)

Hepatitis E (Swine), Reoviruses, Rotaviruses, Adenoviruses, Caliciviruses, Influenza viruses (Orthomyxoviruses)

Salmonella spp., Campylobacter spp., Escherichia spp., Aeromonas hydrophila, Vibrio spp., Leptospira spp.,
Listeria spp., Yersinia spp.

Cryptosporidium parvum, Giardia lamblia, & Balantidium coli

Source: Sobsey, Khatib, Hill, Alocilja, & Pillai, 2006

2.2.3 Water Quality Parameters. Water quality is neither a static condition of a system,
nor can it be defined by the measurement of only one parameter (United Nations Environment
Programme Global Environment Monitoring System (UNEP GEMS), 2008). Water quality
assessments are used to evaluate the physical, chemical and biological nature of water in relation
to natural quality, human effects and intended uses, particularly uses which may affect human
health and the health of the aquatic system itself (Chapman, 1996). This includes the use of
routine monitoring to determine the condition of the water, to detect spatial and temporal trends,
and to provide the information enabling the establishment of cause-effect relationships. There are
three components used to determine water quality: chemical, physical, and microbiological
parameters. Selection of parameters for any water quality assessment program depends upon the
objectives of the program. For the purposes of this study, selected parameters include: pH,
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turbidity, free-available chlorine (FAC), total and fecal coliforms, nitrates, and ammonia. Total
and fecal coliforms will be discussed under “indicator organisms”.
The pH is an important variable to measure in a monitoring program, as it influences
many chemical and biological processes within water and all processes associated with
treatment. In water, H2O dissociates and forms hydrogen (H+) and hydroxyl (OH-) ions. If
hydrogen ions are found to be abundant, the water is considered acidic. If hydroxyl ions are in
greater numbers, the water is defined as alkaline or basic. The pH scale runs from 0 (very acidic)
to 14 (very alkaline), with 7 representing neutral conditions. Most major drainage basins
(freshwater) around the world have a pH range of 6.5-8.5, which is indicative of good water
quality (UNEP GEMS, 2008). The United States Environmental Protection Agency (USEPA,
2013a) refers to pH as a secondary standard, which is defined as any contaminant that is not
health threatening at their designated secondary maximum contaminant level (SCML).
Secondary standards are not enforceable, but are designed to assist the public water systems in
managing the aesthetics of the water. The acceptable range for pH in drinking water for USEPA
and MINAE is 6.5-8.5, while the WHO (2008) recognizes the optimum pH range to be 6.5-9.5.
Turbidity is a measure of the clarity of water. It is an optical characteristic of water and is
an expression of the amount of light that is scattered by material in the water when a light is
shined through the water sample (United States Geological Service, 2013). Turbidity is affected
by the amount of material suspended in water. This includes clay, silt, algae, organic matter, and
other particulates. Turbidity is not a health concern in itself, but the measured particles provide
attachment places for microorganisms and metals. Turbidity can also promote the re-growth of
pathogens in the distribution system (USGS, 2013; USEPA, 1999). High turbidity levels are also
associated with increasing concentrations of microorganisms in water distribution systems (Haas,
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Meyer, & Paller, 1983; Rasmussen & Ziegler, 2003). Turbidity is listed as a primary standard in
the United States, which classifies it as a legally enforceable standard. For systems that use
conventional or direct filtration, at no time can turbidity (cloudiness of water) go higher than 1
nephelometric turbidity unit (NTU), and samples for turbidity must be less than or equal to 0.3
NTU in at least 95 percent of the samples in any month (USEPA, 2013b). The WHO (2008) does
not have a health-based guideline value for turbidity, but recommend that median turbidity
should be below 0.1 NTU for effective disinfection in distribution systems and to monitor for
changes in turbidity. The MINAE recommends turbidity in drinking water to be in the range >1
to 5 NTU.
Chlorine has been used as a disinfectant in water distribution systems since the 1890’s,
where it took root in Europe and eventually became the standard for disinfection in the United
States. Many consider chlorination of water to be one of the greatest public health achievements
in the 20th century (CDC, 1999). Chlorine offers many benefits as a disinfectant, as it is: 1) costeffective; 2) reliable; 3) relatively simple to use; 4) measurable; and 5) can be maintained in a
water distribution system as a residual (Water Quality & Health Council, 2013). Chlorination
also aids in the reduction of biological growth of biofilm in storage tanks, pipes, and reservoirs
and the removal of other chemicals, such as ammonia. In order for chlorine-based disinfectants
to be effective against pathogens, they must have “contact time”. Contact time for pathogens is
not universal; it is driven by other factors, such as temperature, pH, turbidity, the type of
pathogen, and resistance (USEPA, 2013c; WHO, 2004; King, Shotts, Wooley, & Porter, 1988).
It is essential for free chlorine to remain in a water distribution system to continue destroying
organisms. It is this residual protection that assures the consumer the water is most likely free of
pathogens. Chlorine must be maintained at a minimum disinfectant level for it to be considered
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effective. The USEPA (2013d) recommends a minimum residual of 0.2 mg/L at the point of
entry and that detectable levels be maintained at all times. The WHO (2008) guidelines state
drinking water should have residual concentration of free chlorine of ≥ 0.5 mg/L after at least 30
min contact time at pH < 8.0. The maximum residual disinfectant level for chlorine in drinking
water systems is 4 mg/L (USEPA, 2013d) and 5 mg/L (WHO, 2008). Both organizations agree
that using chlorine levels in excess of the recommended maximum dose could result in irritation
to the eyes and mouth or stomach discomfort.
The nitrate ion (NO3) is the most common form of nitrogen found in natural waters
(National Estuarine Research Reserve System, 2012). Nitrates are leached into groundwater and
surface water sources through point and non-point sources, such as septic tanks, industrial waste,
pit latrines, agricultural runoff of feces or fertilizer, human waste surface runoff, feedlots,
improperly constructed wells, and solid waste disposal runoff (Tredoux, Engelbrecht, & Israel,
2009; WHO, 2009b). Nitrates can also be deposited naturally as a result of the nitrogen cycle
(Figure 2.7).

Source: Hiscock, Lloyd & Lerner, 1991

Figure 2.7 The Nitrogen Cycle
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Nitrates in drinking water are often associated with methemoglobinemia, or “blue baby
syndrome”. This syndrome is a condition suffered by infants and is caused by nitric acid, not
nitrates. This free radical binds to hemoglobin and prevents it from combining with oxygen or
carbon dioxide, causing the bluish-tinge in the skin and lips. Other suspected health concerns
associated with nitrate exposure include, but not limited to stomach cancer, bladder cancer,
ovarian cancer, insulin-dependent diabetes, hyperthyroidism, poor reproductive outcomes, and
genotoxic effects (Addiscot & Benjamin, 2004; Weyer, Cerhan, Kross, Hallberg,
KantamneniBreuer…Jones, 2001; WHO, 2011). There is much debate whether nitrates in
drinking water truly poses a health threat; some scientists feel the current nitrate drinking water
guidelines is overly conservative and not justified based on chronic health research (Ward,
DeKok, Levallois, Brender, Gulis, Nolin, & VanDerslice, 2005). Nonetheless, the USEPA
(2013b) has established a maximum contaminant level (MCL) for nitrates at 10 ppm, while the
WHO (2008) and the MINAE has set their limit at 50 mg/L (short term exposure).
Ammonia in water can be found in two forms: NH3 (non-ionized) and NH4+ (ionized). It
occurs naturally in surface waters from the breakdown of nitrogenous inorganic and organic
matter in water and soil, animal and bird excreta, or through chemical processes in the nitrogen
cycle. Ammonia is also discharged into the environment through agricultural activities, industrial
processes, and community waste, such as septic tanks. Natural levels in groundwater are usually
below 0.2 mg of ammonia per liter, while surface waters may contain up to 12 mg/liter (WHO,
2003). Ammonia is not of direct importance for health in the concentrations to be expected in
drinking water. Ammonia has a toxic effect on healthy humans only if the intake becomes
higher than the capacity to detoxify; therefore, a health-based guideline has therefore not been
established (WHO, 2003; WHO, 2008; USEPA, 2011). Monitoring for ammonia in chlorinated
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drinking water systems is important because ammonia can compromise disinfection efficiency
and result in nitrite formation in distribution systems (WHO, 2003).
2.2.4 Indicator Organisms. Indicator organisms are used to assess the microbiological
quality of drinking water in the United States and the world. They were developed to facilitate
water quality monitoring because of the enormous technical difficulties involved in directly
monitoring pathogens (Yan & Sadowsky, 2007). Specifically, they are used to determine the
possible presence and amount of fecal contamination in water, foods, and other samples. For
over 40 years, Bonde’s attributes of an ideal indicator have been used as a guide in determining
the most appropriate indicator organism for water monitoring. The ideal indicator should: 1) be
suitable for all categories of water; 2) present in wastewaters and polluted waters whenever
pathogens are present; 3) present in greater numbers than pathogens; 4) have similar survival
characteristics as pathogens in waters and water and wastewater treatment processes; 5) unable
to multiply in waters; 6) non-pathogenic; and 7) able to be detected in low numbers reliably,
rapidly, and at low cost (Mara, 2003). Currently, there is not one indicator that satisfies all of
these criteria. For example, some indicators may be present when there is no fecal contamination
or may be absent when pathogens are present.
Despite these shortcomings, there are a number of indicators available, depending on a
number of factors. Some of the common indicator organisms used today include total coliforms,
fecal coliforms, Escherichia coli, enterococci, fecal streptococci, Clostridium perfringens, and
coliphage. The selection of an indicator for water quality testing is determined by: 1) the type
and source of contamination; 2) application and geographic location of water sampling; 3)
timeliness of indicator results; and 4) attributes of the indicator (National Research Council,
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2004). Some indicators will have more applicability for use in temperate zones than in the
tropics, some will be more effective in freshwaters than marine waters, and some will be more
effective in groundwater than surface water testing (National Research Council, 2004). For
example, the primary targets representing fecal contamination in temperate waters are
Escherichia coli and enterococci, while Clostridium perfringens may be preferable in tropical
waters/soils in conjunction with E. coli and fecal coliforms (Ashbolt, Grabow, & Snozzi, 2001;
Tyagi, Chopra, Kazmi, & Kumar, 2006).
The coliform group has been the indicator of choice for years because they have been
shown to have a measure of correlation with pathogens and historically, many diseases have
been transmitted via human waste (National Research Council, 2004). They are also inexpensive
to enumerate when compared to other test methods and faster to grow with respect to other
indicators. In 1897, the American Public Health Association (APHA) adopted the coliform test
as the first indicator for bacteriological assessment of drinking water and was eventually
published as a standard test method in the first edition of Standard Methods for the Examination
of Water and Wastewater (National Research Council, 2004). Currently, the USEPA’s maximum
contaminant level goal (MCLG) for total and fecal coliforms is zero (USEPA, 2013b). The WHO
recommends E. coli or thermotolerant (fecal) coliforms as suitable indicators for drinking water.
It does not recommend total coliforms to be used in tropical countries, as many bacteria of no
sanitary significance are found in untreated water supplies and may provide false positive result
(WHO, 2008). The WHO recommends that all water directly intended for drinking must not have
any E.coli or thermotolerant coliforms detected in any 100-ml sample. The MINAE recommends
total coliforms only as the indicator of choice for drinking water systems and must not also be
detected in any 100-ml sample.
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The coliform group is comprised of total coliforms, fecal coliforms, and Escherichia coli
(Figure 2.8). The 22nd edition of Standard Methods for the Examination of Water and
Wastewater defines total coliforms as “all aerobic and facultative anaerobic, gram-negative,
nonspore-forming, rod-shaped bacteria that ferment lactose with gas and acid formation within
48 hours at 35°C”. Fecal coliforms differ from total coliforms in that they respond at an elevated
temperature of 44.5°C when incubated. For this reason, fecal coliforms are also referred to as
thermotolerant coliforms. Standard Methods define fecal coliforms as “gram-negative, nonspore-forming, rod-shaped bacteria, which ferment lactose with the production of gas at 44.5º C
within 24 hours”.

Total Coliforms

Fecal Coliforms
Total Coliforms

E. coli

Source: Epi-Net, 2013

Figure 2.8 The Coliform Group of Bacteria

Traditionally, coliform bacteria were regarded as belonging to the genera Escherichia,
Citrobacter, Klebsiella and Enterobacter, but the group is more heterogeneous and includes a
wider range of genera, such as Serratia and Hafnia (WHO, 2008). Usually found in the feces of
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humans and other warm-blooded animals, total coliforms are ubiquitous in the environment, thus
making their association with fecal contamination questionable. Furthermore, their survival in
the environment or water distribution systems makes them an unreliable indicator for fecal
contamination. Factors supporting survival include the age of the fecal material since defecation,
the environmental matrix (surface water, soil, groundwater), environmental conditions
(temperature, UV radiation from sunlight), disinfectant residual in water, flow and flush-out, and
predation in biofilm and sediments (Van Lieverloo, Blokker, & Medema, 2007; LeChevallier,
Schulz, & Lee, 1991). They can, however, be used as an indicator of treatment effectiveness and
to assess the cleanliness and integrity of distribution systems and the potential presence of
biofilms (WHO, 2008).
Chao, K-K., Chao, C-C., & Chao, W-L. (2003) assessed the suitability of various
indicators and enumeration methods in the analyses of tropical water sources for fecal
contamination in Taiwan. Heterotrophic bacteria, total coliforms, fecal coliforms, enterococci,
Aeromonas hydrophila, and Salmonella species were enumerated from river water, spring water,
and groundwater sources using the membrane filter method and the Colilert (QuantiTray/2000) method. Significant correlations were observed between the total number of
bacteria and various indicator bacteria in river water samples, but none were found in the spring
water or groundwater samples. When the membrane filtration method was used for the spring
water and groundwater sampler, they found total coliforms did not positively correlate with any
of the other indicator bacteria. They concluded the results indicate the suitability of total
coliforms as indicators in subtropical water samples remains in doubt.
Total and fecal coliforms were evaluated for their effectiveness as indicators of fecal
contamination of untreated drinking well water in the Ivory Coast, West Africa. Lavoie (1983)
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isolated colonies from well water using membrane filtration and found greater specificity with
mFC medium for fecal coliforms over mEndo medium for total coliforms. Despite the limitations
of the study, Lavoie concluded that the use of fecal coliforms should be considered the indicator
of choice instead of total coliforms for untreated groundwater supplies in tropical climates.
The results from the literature are inconclusive regarding use of total coliforms as an
indicator in tropical countries. More research is needed to determine the suitability of total
coliforms as an indicator for fecal contamination of community water systems in tropical
countries.
2.3 Communities, Water, and Sanitation
2.3.1 Perceptions on Water Quality. Perception is the process by which organisms
interpret and organize sensation into something meaningful to him or her based on prior
experiences, but may substantially be different from reality (Pickens, 2005). When communities
are provided a new or improved water source, there are certain factors that play a role in one’s
perception and expectations of water quality and the benefits associated with it. Perceptions of
drinking water quality result from a complex interaction of diverse factors; this includes
organoleptic properties, risk perception, attitudes towards water chemicals, contextual cues
provided by the supply system , familiarity with specific water properties, trust in suppliers, past
problems attributed to water quality, and information provided by the mass media and
interpersonal sources (Doria, 2010). Many of these factors may provide the consumer with a
false sense of security about the safety of the water and other issues surrounding water quality.
Doria (2010) suggests freshwater education at the school, community and informal levels is
important to promote a general understanding of drinking water issues, to develop adequate
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learning strategies for raising awareness and to improve communication skills with water
experts.
Perceptions about the quality and risk of drinking water among consumers was explored
by Doria, Pidgeon, & Hunter (2009) using a mixed methods approach in the United Kingdom
(UK) and Portugal. They found that water quality satisfaction in both populations was mostly
influenced by organoleptic properties (flavor), risk perception, contextual cues (trust in water
suppliers), and perceptions of chemicals (lead and chlorine). The authors highlighted the fact that
UK participants were more critical of chemicals in drinking water than the Portuguese
participants and may result from a difference in cultural attitudes towards drinking water.
Drinking water organoleptics is sensory information derived from the taste, odor, color,
and turbidity of water; information that has historically driven consumer perceptions of water
safety and satisfaction of drinking water (Doria, 2010). These sensory judgments may or may not
be related to bacteriological or chemical characteristics of the water (Fife-Schaw, Kelay,
Vloerbergh, Chenoweth, Morrison, & Lundéhn, 2007). When discussing the taste and odor of
drinking water, Kelly & Pomfret (1995) put it into perspective by stating, “Taste and odors are
the only yardsticks that most consumers have by which to judge the quality of their drinking
water…most consumers will believe that if their water smells and tastes bad, then it is probably
not safe to drink”.
Jardine, Gibson, & Hrudey (1999) also found when people had to rely on aesthetics to
determine water quality; they usually linked an aesthetic problem, such as an unpleasant odor, to
a potential health risk or problem. Such is the case with water systems that are chlorinated. In a
study by Turgeon, Rodriguez, Thériault, & Levallois (2004), they explored the influence of
water quality and the geographic location of consumers within a distribution system on consumer
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perception of tap water and found water quality variations and geographic location did have a
significant impact on consumer perception. Those living near the treatment facility felt they were
at highest risk for water-related health issues. This was most likely as a result of consumer
exposure to high total residual chlorine levels entering the system from the water plant (Turgeon,
Rodriguez, Thériault, & Levallois, 2004). Cairncross & Valdmanis (2006) also found location of
water supplies to influence perceptions, especially as it relates to health. They concluded that
benefits to health are not normally foremost in the minds of those provided with new water
supplies, as the most obvious benefit to them is water is closer to where rural households need it.
A cross sectional study was conducted by Wright, Yang, Rivett, & Gundry (2012) to
compare household surveys conducted from 2002-2009 in South Africa on public perceptions of
drinking water safety. Although perceived water safety remained stable over time, it was still
driven by organoleptics rather than socio-economic or demographic characteristics. The authors
found this to be a surprise, given the fact that a large cholera outbreak took place from 2000 to
2002, but attribute this stability of perceptions to water quality information provided by the
media to the public.
Spencer (2011) explored expectations and perceptions of peri-urban households in
Vietnam on improved water sources and how this compared to underlying assumptions made by
urban planners. Environmental pollution was found to be the most important driver for
household investments in piped water, while little differences were observed between piped
water households and other households when comparing health risk perceptions. Taking this into
consideration, the author concluded that planners must pay more attention to public education,
risk, and consumer perception when it comes time to maximizing investments in new water
infrastructure.
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Focus groups were conducted in Canada to examine factors influencing drinking water
perceptions and self-described behaviors by users of private well water systems (Jones, Dewey,
Doré, Majowicz, McEwen, Waltner-Toews, Henson, & Mathews, 2005). Concerns about
environmental pollution was expressed in one participant’s confidence in the safety of their
wellwater: “…one of the things that we always have our heads up with, is because we are
country, and there’s a huge pig farmer and a dairy, a cow farmer beside us….they have open pits
and every spring they spread over the fields before they plant them, they spread and that actually
at the end of the day becomes groundwater”. There were many assumptions made by participants
about the quality of their water; assumptions that were not validated by lab results, but by
organoleptics. The participants expressed desires for more information on water testing and
private wells in general. The authors concluded that a complete understanding of community
perceptions, needs and concerns were critical in implementing effective public health education
programs and drinking water policies.
Carter, Tyrrel, & Howsam (1999) looked at the impacts and sustainability of community
water supplies and sanitation programs in developing countries and found despite the many
benefits associated with these programs, they fail for numerous reasons. This includes: 1)
communities or households may have never accepted the new improvements; 2) financial costs
are unacceptable or unaffordable; 3) communities may never have felt ownership of the new
infrastructure; 4) benefits failed to materialize; 5) community education was non-existent; and 5)
community involvement ceased due to lost interest. The authors suggested community
participation was a requirement for sustainability and this could be achieved through education
in health and hygiene, training in maintenance and the handling of cash, and involvement of
women in community institutions and decision-making.
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Madrigal, Alpizar, & Schlüter (2010) explored the relationship between communities and
drinking-water community organizations in Costa Rica with regards to performance of the water
institution. They found mechanisms associated with high performance (those with sound
infrastructure, consumer satisfaction, and financial health) were the result of community
involvement in instituting rules, local accountability, and sustainable solutions for collectiveactive problems. The authors also acknowledged the important role of the central government in
enabling the community to have voice in the management of their water systems.
Community involvement and education is a must to achieve the full benefits of improved
water and sanitation systems. A study conducted by Hoque, Hallman, Levy, Bouis, Ali, Khan et
al. (2006) revealed household water quality could be improved through testing and promoted
through educational campaigns; however, further research on water contamination and hygiene
during supply, transportation, and household management was recommended. Mintz, Bartram,
Lochery, & Wegelin (2001) reviewed existing technologies and intervention methods for
providing safe water and were in agreement that disinfection and safe storage of drinking water
was critical, but also made the point that to achieve significant reductions in the incidence of
diarrheal disease, public health programs must be implemented to change behavior. Thompson,
Sobsey, and Bartram (2003) derived the same conclusion in their study on keeping clean water
clean. They observed in situations where socio-cultural, behavioral, and economic components
of household water treatment and storage technologies were absent or lacking, successful
implementation was unlikely to be achieved.
Community perceptions about water quality are multi-faceted; the literature has shown
this to be explained by a number of factors. Community perceptions and satisfactions with
improved water sources exclusively have not been addressed adequately with respect to the
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health of the community and how it aligns with the WHO definition and the MDGs. When
communities are provided an improved water source, do they accept it as a means to an end? Is
there a perception that “piped” water is viewed as clean, potable water? Is this driven by
education or community beliefs?
2.3.2 Perceptions on Sanitation and the Environment. Community perceptions about
sanitation and the environment are just as important as perceptions on water quality in order to
understand their relationships and effects on human and environmental health. A study on
perceptions and sanitation was carried out in Bangladesh to understand the factors behind
successes and failures of sanitation and hygiene improvements from the community perspective
and to identify issues faced in sustaining sanitation (Rahman, 2011). Successful programs were
found to result from factors, such as community participation at all levels of programs,
educational activities, strong leadership by local leaders, and an emphasis on hygiene education
and behavioral change. Reasons for failed sanitation programs included faulty construction of
different structures, lack of community consultation, lack of follow-up actions and fund
generation for O & M, and failure to address the needs of the poor. For sanitation programs to be
sustainable, participants stressed the importance of government, non-government organizations
(NGOs), and communities work together as a unit rather than separate parts. They also
acknowledged that without safe water and basic hygiene promotion, sanitation programs were
most likely to fail.
Oldfield (2007) conducted a review of small-scale and rural water, sanitation, and
hygiene projects to pinpoint factors, such as community participation that contributed to
successful programs as well as doomed programs. Phone interviews with various NGOs and an

44

extensive literature search revealed aspects of community involvement that are often overlooked.
For example, improved sanitation systems are often constructed, but not used by the community
because they do not accept the improvement. This results from a lack of culture-specific
education programs, difficulty in changing habits and behaviors, or finding other uses for latrines
(e.g., crop storage). When it comes to strong water and sanitation projects, decision-making
regarding these projects should be decentralized; the bottom-line responsibility should rest with
the local end users (Oldfield, 2007).
Many water supply, sanitation, and hygiene (WSH) interventions have been
implemented across the globe to improve population health. An education intervention project in
Bangladesh was undertaken from 1983-1987 that included handpumps, pit latrines, and hygiene
education to 800 households. Hoque, Juncker, Ali, & Aziz (1996) conducted a 5-year follow-up
study to see if improvements were sustained, positive behavioral changes had occurred, and
disease rates associated with WSH decreased. They found community members had continued
using the improved WSH systems, maintained them, and did experience health benefits. The
authors noted that women’s participation with community support contributed toward the impact
of this program. Although this follow-up was designed to measure the health impacts of the
improved services, community perceptions and satisfaction with them was not explored nor
discussed.
A study exploring practices, attitudes, and perceptions towards household sanitation was
conducted in Ghana. Whittington, Lauria, Choe, Hughes, Swarna, & Wright (1993) interviewed
over 1200 urban households about their perceptions towards existing sanitation systems,
knowledge on other improved sanitation systems, and their current sanitation practices. Three
types of sanitation systems were used by study participants: 1) public latrines that are connected
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to a sewer system or use buckets to collect waste; 2) water closets in households that use septic
tanks to collect waste; and 3) buckets latrines in buildings. The majority of the waste generated
in these systems was found to be improperly disposed into the environment, either in the local
dump or streams. They found those that used public latrines were more concerned about the
inconvenience or lack of privacy when using them rather than the adverse environmental and
public health effects of improper waste disposal. When asked about knowledge on existing
sanitation technologies, most respondents were familiar with ventilated improved pit (VIP)
latrines, but knew very little about sewer systems. Respondents also voiced a desire for “better”
improved sanitation systems, such as a VIP or WC, only if they were low cost and simple.
The environment is an important aspect to consider not only in exploring perceptions on
improved sanitation and water, but perceptions of recreational water contamination and use. The
environment lends itself vulnerable to anthropogenic activities that can impact water quality,
water activities, and proper storage of human waste. In a study by McDaniels, Axelrod,
Cavanagh, & Slovic (1997), residential communities in Canada were asked to select and rank
from a list of items the ones they felt posed a risk to water environments of a local basin. Experts
in the fields of aquatic science were asked to rank the same factors. Participants were also asked
to rank these factors on ecological impact, human benefit, controllability, and knowledge. Septic
systems were ranked 28th out of 33, whereas experts ranked it at 21. Communities ranked
agricultural waste disposal at 17, while the experts ranked it at 8. When asked about perceived
ecological impact of these factors, septic systems did not make the top 20, but liquid waste in
sewers made the top ten. Although they ranked sewage treatment and septic systems high on
human benefits, participants felt as if they had little to no controllability of septic systems and
sewage treatment, which was supported by their reported lack of knowledge on both factors. The
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authors concluded that people’s perceptions of risk is consistent with previous studies that
showed the higher the benefits from the risk, the lower the hazard associated with the risk. They
also highlighted the need for experts and community members to engage in dialogue in order to
solve some of the pressing environmental issues impacting them.
Similar results were found in a study by Toteng, Mbaiwa, & Moswete (2005) regarding
community attitudes and perceptions toward ecological issues in Botswana. They found when
people were pressed about their involvement in natural resource issues, such as energy and water
availability, they wanted to actively participate in resource conservation. However, they felt
hampered and disempowered by the lack of involvement by state agencies in decision-making
policies and programs affecting environmental issues.
Moser (1984) conducted a study with a group of participants camping along a river in
France about their perceptions on the water quality of the river. They were asked questions
through semi-directive interviews on whether the river was polluted, fairly polluted, or good, the
relationship between recreational activities and water quality, and the relationship between water
quality and specific criteria (e.g., color, water plants, odors, etc.). Moser (1984) found that in the
absence of floating debris, the color and odor of the water and the presence of algae and water
plants were used to determine pollution of water. Color was in most cases the deciding factor for
pollution; the more clearer/neutral, the better the water quality. He also noted that signs posted
along the river forbidding swimming were viewed by campers resulted from strong river currents
and not pollution, despite the fact that it was posted for health-based reasons.
Perceptions of climate change are another factor to consider, especially the impacts it has
on water, sanitation, environment, and human health. In a study looking household perceptions
of climate change and human health risks in Bangladesh, Haque, Yamamoto, Malik, &
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Sauerborn (2012) used interviews, focus groups, and key informants to discuss climate change
over the last 5 to 10 years and how it has impacted human health, crop production, and water
levels in surface water. Participants were reported to be very clear on their perceptions about the
extreme changes in temperature in the summer and winter months as well as the decreased
amount of flooding and rainfall that had occurred. They also described the increase of sickness
and health problems associated with climate change and how they were concerned with future
threats from climatic events. The authors concluded that this study should provide scientists,
researchers, and policy makers enough data to develop health sector programs and interventions
to lessen the impact of climate change. The study failed to highlight the importance of dialogue
between communities and policy makers in developing future interventions or the perceived
impacts that climate had on water (scarcity) or sanitation.
These studies have illustrated that perceptions and satisfaction with improved sanitation
systems are not simply a matter of cleanliness and privacy; it should also include perceptions
about the climate, environment, water, cultural practices, and other factors that directly impact
these systems and the communities.
Water and sanitation has the ability to not only impact human health, but also impact
environmental health. Contaminated water sources through chemical or biological infiltration
may appear to be clean for someone looking for a place to swim or partake in recreational water
activities. Recreational water illnesses are an increasing public health risk for those engaging in
recreational water activities. It has been estimated globally that some 120 million gastrointestinal
infections and 50 million cases of respiratory infections are caused by exposure to wastewater
polluted marine waters annually (Shuval, 2003). Ear, eye, and skin ailments have also been
associated with recreational water exposure (World Health Organization, 2001: Yau, Wade, de
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Wilde, & Colford, 2009). Waterborne diseases associated with recreational water use have been
well studied, but conducted mostly in areas within temperate climates (World Health
Organization, 2005; Prüss, 1998; World Health Organization, 2012; Leclerc, Schwartzbrod, &
Dei-Cas, 2002). However, waterborne diseases are particularly a concern in tropical areas, where
the organisms that produce them are in much greater numbers where the affected large
populations are ill-housed, undernourished, and medically underserved (Hazen, 1988).
Furthermore, health-based routine monitoring of recreational water in tropical areas is
recommended and often conducted at marine beach areas only, disregarding other recreational
waters that may not have beach areas, such as streams and rivers (World Health Organization,
1999). It is unknown whether communities in the Nandamojo watershed use streams, rivers,
marine water, or all of them for recreational water activities. Furthermore, it is also unknown
how perceptions influence recreational water use and the factors that drive these perceptions.
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CHAPTER 3.
COMMUNITY PERCEPTIONS OF IMPROVED WATER AND SANITATION IN THE
NANDAMOJO WATERSHED, COSTA RICA: A MIXED METHODS APPROACH

3.1 Abstract
Background: Over 90% of the population of Costa Rica has access to improved water and
sanitation, thus exceeding the water and sanitation targets for the Millennium Development
Goals (MDGs). The definitions of improved water and sanitation do not take into account the
safe disposal of excreta, drinking water quality, and availability of adequate quantities of water
for consumption. Despite having access to water and sanitation, little is known whether
communities are only interested in access or if quality and quantity of water and sanitation
systems are as equally as important.
Objective: The purpose of this study was to explore the perceptions of four rural
communities in the Nandamojo watershed, Costa Rica towards improved water sources and
sanitation systems.
Methods: This study utilized a mix methods design, collecting quantitative and
qualitative data through the use of in-depth interviews and focus groups. A total of 107
households were randomly selected and interviewed with a semi-structured questionnaire on
questions regarding water concerns, sanitation concerns, and human waste pollution. This was
followed up with seven focus group discussions that focused on questions regarding likes and
dislikes of improved water and sanitation systems, recommendations for improvements, and the
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impacts of improved water and sanitation on human. Results: Overall, participants had positive
perceptions towards their improved water and sanitation systems. Household interviews revealed
almost half of the respondents had concerns with water quality, while less than 25% did not think
their septic tanks leaked or overflowed during rain events. Focus group discussions revealed
common themes. Participants identified water quality, health, pipes, water scarcity, odors,
insects, and overflow/infiltration of water and sanitation to be important issues. Participants
revealed convenience, improved health and safety and the lack of odors to be themes directly
related to customer satisfaction of improved water and sanitation.
Conclusions: While most participants were satisfied with the improved water and
sanitation systems in their communities, there were emergent issues identified that need to be
considered when determining and defining improved water and sanitation. Water scarcity, water
quality, and protection of water sources are critical elements to the health of a community. Focus
groups and household interviews provided significant insight on issues surrounding water and
sanitation and the need for stronger communication and partnerships between community
residents, water committees, and government in addressing these issues.
Keywords: improved water, improved sanitation, community perceptions, water quality,
septic tank, water scarcity
3.2 Introduction
Safe and clean drinking water and sanitation is a human right essential to the full
enjoyment of life and all other human rights (United Nations, 2010). Clean water and adequate
sanitation are fundamental when it comes to reducing and/or preventing diseases such as
diarrhea, cholera, malaria, intestinal worms, and trachoma (United Nations Children’s Fund,
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2003). Goal 7, target 10 of the Millennium Development Goals (MDGs) was established to
address this human right by targeting a goal of halving the proportion of people in the world
without sustainable access to safe drinking water and basic sanitation by 2015 (United Nations
Millennium Project, 2013). Although it appears the world will not meet the sanitation target for
2015, it is estimated that 92% of the world will have access to improved drinking water (World
Health Organization, 2012).
The Joint Monitoring Programme (JMP) is the official United Nation’s mechanism
tasked with monitoring progress towards these targets (World Health Organization and the
United Nations Children’s Fund, 2012). The JMP defines safe water and basic sanitation as those
households with access to an “improved” source (Table 3.1). The JMP defines an improved
drinking water source as “one that, by the nature of its construction, adequately protects the
source from outside contamination, particularly faecal matter” and an improved sanitation
facility “as one that hygienically separates human excreta from human contact” (World Health
Organization (WHO) & United Nations Children’s Fund (UNICEF) (2012).
Unfortunately, this approach does not address the safe disposal of excreta, drinking water
quality, availability of adequate quantities of water for consumption, and operation and
maintenance of both water and sanitation systems (WHO & UNICEF, 2013b). In fact, the current
criterion used by the JMP has most likely lead to an overestimation of the population with access
to safe drinking water and basic sanitation (Bain, Gundry, Wright, Yang, Pedley, & Bartram,
2012). Although the WHO & UNICEF have made strides to address water quality and proper
waste management of excreta post-2015 in the 2013 update: Joint Monitoring Programme for
Water Supply and Sanitation report (WHO & UNICEF, 2013c), it is unknown whether recipient
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Table 3.1
Types of Drinking-Water Sources and Sanitation
Improved
Water Source

Sanitation

Unimproved



Piped water into dwelling



Unprotected spring



Piped water to yard/plot



Unprotected dug well



Public tap or standpipe



Cart with small tank/drum



Tube well or borehole



Tanker-truck



Protected dug well



Surface water



Protected spring



Bottled water



Rainwater



Flush toilet



Flush/pour flush to elsewhere



Piped sewer system



Pit latrine without slab



Septic tank



Bucket



Flush/pour flush to pit latrine



Hanging toilet or hanging latrine



Ventilated improved pit latrine (VIP)



No facilities or bush or field



Pit latrine with slab



Composting toilet



Special case

Adapted from the World Health Organization (WHO)/United Nations Children’s Fund (UNICEF) Joint Monitoring
Programme (JMP), 2013a

communities share the same concerns. In countries, like Costa Rica where they have already
achieved both water and sanitation MDG targets (> 90%) for 2015, the question remains whether
having access to improved water and sanitation is in itself a means to an end (World Health
Organization & United Nations Children’s Fund, 2013b). Are communities so enamored with
having access to water and sanitation that issues, such as water quality or improperly constructed
sanitation systems are overlooked?
When communities are provided a new or improved water source, there are certain
factors that influence one’s perception and expectations of water quality and the benefits
associated with it. Perceptions of drinking water quality result from a complex interaction of
diverse factors; this includes organoleptic properties, risk perception, attitudes towards water
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chemicals, contextual cues provided by the supply system , familiarity with specific water
properties, trust in suppliers, past problems attributed to water quality, and information provided
by the mass media and interpersonal sources (Doria, 2010). Many of these factors may provide
the consumer with a false sense of security about the safety of the water and other issues
surrounding water quality.
Several studies of community perception towards sanitation systems have been
conducted, some of which explored the reasons for using specific types of sanitation systems, the
successes and failures of sanitation intervention programs, and the sustainability of improved
sanitation systems (Whittington, Lauria, Choe, Hughes, Swarna, & Wright, 1993; Rahman, 2011;
Oldfield, 2007; Hoque, Juncker, Ali, & Aziz, 1996). Although these studies provided a clearer
understanding of the dynamics between community perception and sanitation in general, they did
not explore community perceptions, such as satisfaction, on improved sanitation systems.
Ecological theoretical models are commonly used by researchers to examine complex
global health problems. These models often reveal relationships between individual behaviors
and various factors that produce health outcomes. For the purposes of this study, the social
ecology of health model (SEM) was used to explain health behavior in these communities. The
SEM consists of five levels (intrapersonal, interpersonal, organizational, community, and societal
factors) and is used to incorporate aspects of the social environment as fundamental contributors
in explaining health problems (Coreil, 2010). See Figure 3.1.
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Source: Coreil, 2010

Figure 3.1 The Social Ecology of Health Model

The purpose of this study was to explore the perceptions of four rural communities in
Costa Rica towards improved water sources and sanitation systems using one-on-one interviews
and focus groups. This included individual and group perception of drinking water quality and
quantity, the impact of improved sanitation systems on the environment, health benefits
associated with improved water and sanitation, likes and dislikes with both, and self-identified
needs and recommendations for improvements with existing systems. The overall goal was to
determine if access to improve water and sanitation alone satisfy the needs and health of these
communities.
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3.3 Methods
3.3.1 Overview of Methods. This study design utilized a descriptive, mixed methods
approach, capturing both quantitative and qualitative data through household interviews and
focus group discussions. This approach was chosen to provide a broader perspective on the
purpose and to improve the validity of the findings through triangulation (Ulin, Robinson, &
Tolley, 2005). Furthermore, focus groups and other qualitative methods are effective methods in
generating themes and developing a deeper understanding of community satisfaction or
disapproval of improved water and sanitation systems that cannot be obtained exclusively
through quantitative methods (Krueger & Casey, 2008; Ulin, Robinson, & Tolley, 2005). Indepth household interviews were conducted in March 2013, while focus group discussions
occurred in July 2013. Four rural communities in the Nandamojo watershed were used as study
sites to collect this information. These communities were purposely selected to obtain a wider
range of responses based on site differences. Although all four communities shared similarities in
socio-economic, educational, demographic, and occupational patterns, the differences in
elevation, location in the watershed, and the presence/absence of a stream in the community were
considered to be relevant factors on perceptions (Table 3.2 & Figure 3.2).

Table 3.2
Selection Criteria for Study Sites in the Nandamojo Watershed
Paraiso

La Florida

Venado

San José de la
Montaña

Population

397

293

249

69

Elevation

130 feet

250 feet

14 feet

1,324 feet

Stream in Town?

Yes

No

Yes

No

Costa Rican Ethnicity

99%

100%

100%

100%

Improved Water?

Yes

Yes

Yes

Yes

Improved Sanitation?

Yes

Yes

Yes

Yes
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Source: GoogleEarth

Figure 3.2 Study Sites in the Nandamojo Watershed

3.3.2 Recruitment and Procedures. Participants were recruited for household interviews
using the door-to-door method. Geographical Information System (GIS) (Google Earth
6.2.2.6613, Google, Inc., 2013) maps were generated for each community and used to identify
potential households for the study. Households visible on the map were labeled with numbers
and randomly selected for recruitment. GIS maps were re-generated with selected numbers to
assist researchers in recruiting and sampling. Recruitment for the study took place over a 7-day
window. Participants identified as the head of the household (or representative) were invited into
the study using an approved script. Inclusion criteria for the study required head of the household
(or representative) to be 18 years old and older and be willing to speak on behalf of the members
of their household. Spanish consent forms were provided to each participant as well as verbally
administered. Upon receiving verbal consent, one-on-one interviews were administered in
Spanish by both female and male interviewers who received training on confidentiality and
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privacy issues, data collection strategies, probing techniques, and cultural sensitivity. The survey
instrument used for the interviews was a semi-structured questionnaire that contained open and
close ended questions related to household demographics, concerns with water and sanitation
systems, and environmental contamination from human waste streams. The survey instrument
was pre-tested and field-tested prior to the interviews, and revised to produce the final interview
guide. Responses were annotated in both English and Spanish. An independent researcher was
present in the field full time to monitor and ensure the quality of the data collected. A total of
107 households were interviewed, with three of those excluded from analyses for missing data.
The overall response rate was 100 percent.
Focus group discussions were conducted by the research team to explore, in-depth,
community perceptions on the themes of improved water, improved sanitation, likes and dislikes,
environmental concerns related to water and sanitation, impacts on health, and recommendations
for improvements. Two focus groups were recruited per town; one consisted of town residents,
while the other consisted of water committee members. Focus group participants in the town
resident groups were recruited through a nomination process, while water committee members
were invited face-to-face. During the household interviews, residents were identified by
interviewers as potential focus group participants, based on their responses and willingness to
share their opinions. Homogeneity of town resident focus groups was an essential part of
recruiting process, so criterion, such as age and gender were used to select participants. This was
used primarily to obtain a representative balance of gender and age within these communities.
Residents suspected or known to have influence or power in the community were not invited to
participate. Focus group participation required participants to be 18 years and older and be able
to set aside 1-2 hours for the focus group. Ten to twelve participants were recruited for each
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focus group to ensure a minimum of six participants attended the focus groups (Krueger &Casey,
2008). The water committees were an exception to this, as all of the members were invited and
attended. The Costa Rican Ministry of Health and the Institutional Review Board, University of
South Florida approved the study and all participants provided verbal consent.
A trained, bilingual moderator facilitated focus group discussions that averaged fifty
minutes in length and audio-taped with two digital recorders. An assistant to the moderator
recorded notes on the discussion, verbal, and body cues as well as group interactions. The survey
instrument for the focus group was a script consisting of structured questions and probes that was
administered in Spanish by the moderator. Major questions focused on perceptions about water
quality improvements, sanitation improvements, piped water, positive or negative health impacts
from improved water and sanitation, issues of environmental contamination from sanitation
systems, and overall satisfaction with current water and sanitation systems. The focus group
script was field-tested in Costa Rica and modified to produce the final script. Analysis of how
participants described their experiences, established their beliefs, and the role of the community
and environment in forming those beliefs was guided by the social ecology of health model
(Ulin, Robinson, & Tolley, 2005). Procedures were used to ensure the validity and reliability of
the data, to include the verification of data with participants during and at the end of the
discussions. A debriefing was held between the moderator and assistant moderator immediately
after each session. Digital recordings were translated and transcribed from Spanish to English.
Descriptive statistics were generated using Statistical Package for the Social Sciences
(SPSS), Version 22 (Chicago, IL). Qualitative data captured from both in-depth interviews and
focus groups were transcribed verbatim and checked for accuracy against field notes and audio
recordings. All transcriptions were analyzed and coded for recurring themes and key words.
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Codes were assigned to the text using Atlas.ti, version 6.2 (ATLAS.ti Scientific Software
Development GmbH, Germany), that was also used to assist with retrieval, storage, and tracking
of coded text. Direct quotations from participants were used for supportive purposes.
3.4 Results
3.4.1 Household Interviews. A total of 104 household interviews were collected over a
span of eight days. Most of the head of the household interviewed were males (61%) as
compared to females (39%). The mean age (±SD) of respondents was 50 (±17.4). Family sizes
ranged from one to nine and averaged 3.7 persons for all sites combined. One third (30.8%) of
the respondents were laborers and 26.2% were involved in agricultural activities (Table 3.3).

Table 3.3
Characteristics of Household Interview Participants
Characteristics of participants

Total (n=104)

%

Male

63

61

Female

41

39

Sex ratio(M:F)

1.6:1

Sex

Age, mean (±SD)
Overall

50 (±17.4)

Male

49.8 (±18.2)

Female

50.6 (±17.0)

Occupation
Agriculture/Farming

26 (25%)

Housewife

22 (21%)

Retired

11 (10%)

Laborer

33 (32%)

Business

7 (7%)

Religion

1 (1%)

Mean family size (±SD)

3.7 (±1.9)

Range of family size

1-9
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Survey respondents were asked if there were any concerns with the improved (drinking)
water in their home. Forty-five percent of respondents did have concerns; whereas fifty-four
percent had no concerns or were not sure (<1%). Forty-four percent of females interviewed had a
concern, while eighty-three percent of men also had a concern. Most of the concerns with water
focused on oligotrophic properties, such as taste, sight, and smell. Some did not like the taste or
smell of chlorine (14%) or complained about sedimentation/turbidity and plant matter in it
(22%). A few of the respondents shared health concerns about the water. One mentioned an
epidemic of appendicitis in the community 10 years ago that was thought to have caused by
contaminants in the drinking water and had a concern that water in her pipes could do the same.
Others had general health concerns (4%), while some thought drinking chlorinated water may be
causing “colon diseases and kidney stones in the community”. Finally, respondents (9%)
expressed concerns about non-continuous water service resulting from water scarcity.
Survey respondents were asked if they thought their sanitation system overflowed during
rainfall events. Sixteen percent of the respondents answered yes, while eighty-two percent were
very sure that it did not or weren’t sure at all (2%). Overall, 20% of females and 14% of males
felt their sanitation systems overflowed. When asked if they thought human waste from the
community gets into water sources and the environment, forty-four percent of respondents felt
this was a problem in the community, forty-two percent did not believe this to be a problem, and
fourteen percent were not sure. Men and women who interviewed both agreed on this question;
44% did believe human waste does get into water sources. A question was asked regarding
changes in rainfall over the last three years and the impact it had on the community. An
overwhelming majority of the respondents (95%) not only thought rainfall was decreasing in
quantity and frequency, but that it was having a direct effect on drinking water and health. Men
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and female respondents were in general agreement on this; 89% of men and 84% of females
were concerned about the lack of rainfall and climate change.
3.4.2 Focus Groups. In total, 60 individuals participated in seven focus group
discussions (Table 3.4). Four focus groups consisted of community residents, while three
contained water committee members. Two focus groups were conducted in each study site with
the exception of one, where the town’s water committee chose not to participate. Each group
generally had an equal proportion of men and women and a wide array of occupations, including
housewives, retirees, farmers, students, and laborers. The average age for all focus groups
combined was 45.6 years of age. Focus group discussions were conducted in private areas, such
as schools, restaurants, and a gazebo.

Table 3.4
Characteristics of Focus Group Participants
Focus Group (N=4)
(Town Residents)

Focus Group (N=3)
(Water Committees)

Total

45 (75%)

15 (25%)

60 (100%)

Males

20 (71%)

8 (29%)

28 (100%)

Females

25 (78%)

7 (22%)

32 (100%)

Mean Age (±SD)

51 (±13.3)

38.3 (±9.6)

47.5 (±14.7)

100%

100%

100%

Total Number
Gender

Self-Identify as Costa Rican

Focus group participants were asked general questions on improved water and sanitation
systems to stimulate discussion and introduce broad themes derived from perceptions reported
during the survey phase. Multiple themes overlapped between water and sanitation and are
discussed in turn below.
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3.4.3 Perceptions of Water.
a. Water quality. Overall, participants felt that the quality of water had improved since
the transition of “other sources” of drinking water to community wells. Other sources, as
described by many of the older participants, included shallow property wells, springs, and river
water. Specifically, participants felt drinking water was improved because it was disinfected and
people were healthier. However, it is important to note that there were 5 town residents from
three focus groups and one water committee participant who disagreed, reporting that they
believed the drinking water was purer and cleaner years ago, as compared to today. They
attributed this belief to the taste and odor of the water; spring water was clearer and tasted fresh,
unlike the community well water they currently receive. For example, one participant was certain
the water she used to drink years ago was healthier compared to the water she drinks today:

“The water before… it was cleaner, clearer. If I collect water today, the next day the
bucket has a yellow tartar. When I was a kid… I suffer too much with water now,
sometimes its 3-4 days that I don’t have water.”

There was a general consensus among all groups that groundwater was a cleaner, safer source of
drinking water as compared to surface water. While participants generally agreed about
improvements in water quality, a few members of the town resident focus groups (n= 2) and
water committee focus groups (n=1) expressed dissatisfaction with the odor of water. During
town resident focus groups, participants complained about the “white color” in the water and the
strong smells that accompanied it. Participants discussed how these changes have affected them
aesthetically, from the stinging odor of the water to the bitter change in taste of the coffee they
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drink. For example, two participants from the same focus group shared their feelings about
chlorine in the drinking water:

“Just now, Susy was making some coffee and she invited me and it was smelly”

“…even the coffee has a smell like ticks.”

In general, chlorination of the water supply was a concern for focus group participants. Three of
the four communities reported physically chlorinating their water systems by hand, while the
fourth utilized an automated system. Differences in chlorine dosing were reported, with some
communities reporting that water was chlorinated at the beginning of the month, while others
chlorinated when they felt it was needed. Although a small number of participants from two of
the town resident focus groups expressed their displeasure with the smell of chlorine, they also
reported tolerating it for the sake of having safe water to drink. One participant discussed his
perception of how people have adapted to chlorine in the water, despite the fluctuations in
chlorine levels:

“Since I have moved here there have been changes. When I came here, water was already
potable, but now since we put the chlorinators in, there has been a change, as people say
of 180 degrees. Even though some people do not like chlorinated water… it is difficult
for people to adapt to it, but I think people has already adapted to it because we have not
heard complaints about water taste because water taste is different from one moment to
the next. I think this is what I have felt in 13 years that I live here.”
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During focus group discussions, definitions of water quality emerged, specifically water quality
linked to health. In fact, all of the focus groups defined improved water and water quality by the
health of the community. For example, one town resident defined the quality of his water by the
health status of the community stating, “We have always found [the water] good because nobody
has ever gotten sick.” This perceived relationship between water quality and health also led to
discussions in town resident focus groups, where the desire to receive lab results of their drinking
water quality analyses emerged.

b. Health. Participants in three of the town resident focus groups and one of the water
committee focus groups were very confident in the safety of their drinking water, especially as it
relates to human health. Many recalled children suffering from “big bellies”, “stomach aches”,
“parasites”, “diarrhea”, and “headaches” that was thought to have been from drinking the water
years ago; however, they cited this was no longer an issue. There were some who felt diarrhea
was still an issue in the community, but was “not caused by water, but by viruses”. One
participant added that increases of stomach aches and diarrhea cases were occurring in the
community because she has seen an increase in demand for diarrheal medicine at her store.
Another participant from the same focus group disagreed and said she noticed a positive change
in health when they switched from an Artesian well to a community well:

“As the comrade was saying, I think that since 2006 and before we observed many
problems amongst children like diarrhea and skin conditions [skin eruptions called
“salpullido”]. Stomach problems that we saw children suffering from and I think it
stemmed from water consumption because we had an Artesian well…from 2006
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onwards, we have seen a very good change because we have seen that people do not
consume artesian well water anymore and we have seen that we do not have disease
problems anymore, especially among children”

Another participant from a different focus group thought the health of community was getting
worse, but did not blame the water:

“I think now we have more diseases but it’s not because of the piped water but it’s related
to diet. So many diseases… or may be it is that before we did not have physicians and did
not know about them. Now we have so many rare diseases that we not even know about.
Completely, even physicians do not know what the diagnosis is. My son had a disease
that they could not diagnose, even in the chart was written like that.”

c. Pipes. Participants were in complete agreement that having piped water not only
improved the health and safety of the community at the same time, but provided convenience.
One participant said it simply: “I love that I open the faucet and get it”. Participants from all of
the focus groups reported that the convenience of having piped water extended well beyond the
doors of one’s house. One participant related the importance of having piped water in the home
to individual safety, especially with having to walk great distances to get water:

“I think that it is very easy nowadays. Because as my comrade was saying, before the
elderly people would have to walk distances of about 500 meters. For instance, that lady
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would need to fetch water from a distance of 2 kilometers and put it on top of her head,
and it was a downhill path”.

Another added:

“Before, we used to bring water from a well over our heads. Like a kilometer away with
water containers in our heads. Now, it’s not like that anymore, thank God.”

Other participants shared their satisfaction with doing the laundry and dishes in the home and not
having to get water from the well or the river. Numerous participants felt that having “pipes to
bring in water for showers has led to less diseases and is safer…no one has to travel great
distances to collect water”. One participant’s statement sums up the convenience that pipes
brings to the community:

“I like going to my house, opening the pipe and seeing water flowing. Then… that it is
good that we don’t have to go 500 meters away to get water. Now, if I want to take a
shower, I take it. In those days we needed to economize water. If you went to take a bath
[at the river], by the time you reached back home, you were agitated again [meaning
sweaty]. It is good to have it in the house. It’s a good benefit.”

Some participants were in agreement that “water has no taste, but can get some taste from the
pipes”. There were some disagreements among participants when they spoke of the type and size
of the pipes their communities used for drinking water; some thought there were metallic pipes,
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while most of the other participants were certain the pipes were PVC. Concerns with the age,
size, and durability of the pipes were expressed by both town residents and water committee
members. In fact, the importance of the pipes could be felt by the comments made by one water
committee member:

“Regarding pipes, we have serious problems because this pipe is already collapsed.
Landslides and especially any movement… PVC since it is plastic, it breaks at any small
movement. We have had this problem very often. That is a serious problem for the
community because on top that we do not have water, we have many leaks, especially in
summer time when old pipes break. The pipes are not appropriately installed; they are
installed as they used to do it before. They are put in any place. Even the [previstas], most
of them are inside the houses. That is why the ASADA need to make an urgent change of
180 degrees concerning pipes and digging a well to obtain what this town deserves.”

Other water committee focus group participants also voiced their concerns about pipes, the size
of the pipes and fears that these could not keep up with the demands of population growth. In
fact, one participant expressed his belief that improved water starts with being able to prove
water:

“My idea is that this improves because the town keeps growing and those two small wells
will not be enough. The idea is that… and that is why I was telling you that what we
would like the most is to have another well… improve. Yes, if we do not improve, we
cannot have improved water in the pipes.”
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d. Water scarcity. Water scarcity was a grave concern for all but one of the focus groups.
These concerns were found in the three communities that were under water restrictions, and had
access to drinking water for up to two to three hours per day, at a maximum. Participants’ main
concern was the negative impact this restriction has had on cooking, washing, personal hygiene,
and general health. For example, one participant stated it simply:

“Now we have problems of water scarcity. People are worried because there is no water.”

While participants were generally concerned about the lack of water, they also provided insight
into why they thought water scarcity was occurring. Participants described perceived changes in
climate and the lack of rainfall over the last 3-5 years, believing this to be the main driver for the
water “drying up”; water that includes both groundwater (wells) and surface water. For example,
one participant stated:

“That is true. Before, it used to rain a lot and winters were abundant and there was a lot
of water. Nowadays, winters are bad and the community wells are bad… if the winter is
bad, the well does not have enough water and the tank is almost empty”.

These comments resounded throughout all of the focus groups, from both town resident and
water committee participants. Natural and man-made disasters were also mentioned as having an
impact on water scarcity. In two groups, participants discussed the effects of deforestation on
water, as “the trees were no longer there to provide the shade for the water…now, it dries up”.
This was further explored as a few of the participants discussed the importance of Guanacaste
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trees on the health and abundance of local streams. They described streams as being full of water
throughout the year as well as groundwater sources; that is, until the trees started to get cut
down. The trees provided enough shade to keep the streams from drying up and this, in turn, also
kept groundwater sources from drying up. One water committee focus group participant cited
natural disasters as having an impact on water scarcity. He specifically discussed an earthquake
that took place in September of 2012 and the immediate impact of this earthquake, which he and
the focus group believed was responsible for depleting the wells. One participant shared his
thoughts on this:

“I think that those wells have… When the earthquake hit last year… we had problems
this year, bigger than previous years. I think that an [aterro], something happened to the
wells that they cannot produce as much water. By this time, there should be producing
1.5 inches of water stream in the faucets and they do not produce even for 20 minutes.”

e. Improvements. Participants were asked about making improvements to their drinking
water system. All seven focus groups expressed various needs, ranging from new, deeper wells
to a bigger storage tank. This was important because many of the participants felt the deeper
wells provided a higher quality of water and the bigger storage would be able to accommodate
the demands of the growing population. Water testing was mentioned as another improvement.
All of the town resident groups shared a desire for their water to be tested; something that has not
been happening according to them. In fact, one focus group was very adamant in not only having
their water tested, but wanted the results as well. Two focus groups complained that their water
committees should be doing this. This group also wanted to learn more about their water and lab
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results were one way for them to do this. There was some concern among the members of this
focus group that the water they were receiving may not truly be safe. One participant from this
group referred to her water bill when asked about the water quality in her home:

“They [water committee] say its potable, because the one before wasn’t but I do not
know… The [water] bill reads “potable water”. I can’t say it is because I don’t know.”

As the focus group agreed with her comment, another participant added:

“It’s difficult because if the water was of bad quality, that cannot be said in the [water]
bill/receipt. That’s a lie, never. You tell me, what if the water was bad and we were
drinking polluted water, would you put that in a receipt? No. Everybody would be
alarmed. So what do we do?”

Two of the town resident focus groups wanted their communities, as a whole, to take more
initiative in helping with the maintenance of the tank and system rather than rely solely on the
water committees. Others thought there should be collective efforts to re-forest the areas around
the well and surrounding surface waters. Finally, pipes were universally mentioned by all of the
focus groups as a needed improvement. This included replacing outdated, bigger pipes with new
ones. The water committee focus groups felt a newer, upgraded system would be able to address
issues with water interruptions since many had previously mentioned dealing with broken or
leaking pipes. Town residents, on the other hand, felt newer, bigger pipes were needed to address
the water demand from the current population as well as a growing population.
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3.4.4 Perceptions of Sanitation
a. Health and Safety. Participants were asked to describe how the switch from pit latrines
(or their former sanitation system) to septic tanks has changed their lives, whether positive or
negative. All of the focus groups felt their health had improved. Many of the participants felt that
having a toilet indoors greatly reduced the risk of getting sick from being exposed to rain or
someone getting injured, especially at night. Many of them shared stories of their parents and
grandparents going out at night and getting injured, mostly from slips, trips, and falls. A younger
participant summed it up by stating:

“How do I explain? For elderly people that is great because they do not go out when it’s
raining because they may fall.”

Another issue of safety brought up by participants was that of snakes. All of the focus groups had
one or two participants comment on snakes and made it clear that there was a risk of getting bit
back when one had to go outdoors to go the bathroom. One town resident provided his thoughts
on outdoor toilets and the risk of using it at night:

“Another problem with the service outside is that in the night, you have to use it and
there’s a snake there and if you don’t have a good lantern, you get bit”.

Another focus group participant added that it was not just a matter of getting bit, but immediate
medical care was another issue:
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“If they get bit, we take him or her out. If we don’t have a car, we would call the
ambulance and they would come next day.”

Along with the risk of getting bit was the lack of access to immediate medical care. Many spoke
of having to drive long distances to clinics and this was concerning, especially considering the
amount of time you need to get anti-venom. Although indoor toilets indirectly contributed to the
health of those that had them, many also spoke of the number of diseases that people no longer
suffered from as a result of indoor toilets. Many of them were attributed to these diseases to
insects and odors and are discussed in their respective sections.

b. Insects. All focus group participants were really concerned about black holes (pit
latrine)] and how insects can transmit diseases from the hole to humans. Many felt that septic
tanks were a better option because they were sealed and bugs could not get in there. Two focus
groups from the same community discussed how flies from black holes may harbor worms or the
bugs may bring disease in the house. One participant described how food got contaminated by
bugs:

“The smell does not come out anymore [of septic tanks]; besides there are many bugs that
get into it [the pit latrine]. Let’s say if the hole is open in the service, there are many bugs
that get into it like flies, ants, cockroaches…the houses were too close and these bugs
would get into the houses and touch the food that people consumed.”
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Another focus group participant from a different focus group added his thoughts on mosquitoes
and how to control them:

“Well, not with septic tanks, but with black wells. Mosquitoes proliferate in them and
there’s no way to control it because it is open. On the other hand, one can put a mesh in
the septic tank.”

All of the focus groups expressed the belief that mosquito-borne diseases weren’t as prevalent in
the area anymore and in general, participants attributed this to the conversion to septic tanks.
Septic tanks not only provide the community with a means of confining waste and keeping out
insects, but it also prevents animals from falling in. A member of one of the water committees
shared his experiences with pit latrines, dead animals and the effect it had on them:

“Before bugs would fall into the wells and bring disease…there’s an example of that.
Over there, they have a black well and they did not notice that an iguana fell in there and
drowned, and in the [drinking] water you could feel the rottenness and the [drinking]
water was from well”.

Other than safety, the issue of insects and animals getting into pit latrines and bringing disease
was a serious concern for all focus groups. Although a majority of people in all of the
communities had septic systems, focus group participants expressed their strong wishes for
everyone to have them for this reason, however, they also acknowledged that not everyone could
afford them and could get by with a pit latrine.
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c. Overflow/Infiltration. Four focus groups (two town residents and two water
committees) were very concerned about overflow, especially during the rainy season (winter).
Both sets of groups were from the same communities and shared similar concerns about their
wells getting contaminated with sewage overflow during flood events. As an example, one town
resident participant shared her concerns how water fills up her tank and the environment
becomes contaminated:

“I am worried because almost all of us have septic tank… but, in winter, when the river
overflows, we all get septic tanks filled. I have there a septic tank that is only for the
sink water, I have another that is only for laundry water. I have another one over there
for poop. Now, when the river grows, the wells fill up, everything. Why? Because the
water is on top. We live in a place that is lowland. We have that problem, so I get
worried when the river grows. And then it stinks. We cannot see it in the river but you
can feel the poop [smell] going there. That’s what worries me, the contamination.”

While these concerns were prevalent among all focus groups, a few participants expressed the
belief that overflow from their septic tank was not a problem, attributing the contamination to pit
latrines:

“When it rains a lot here, the river… you see “the floaters” (fecal material) everywhere.
This comes from the hole services.”
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Although overflow of human waste was a huge concern for these groups, infiltration of the soil
and groundwater was also discussed. Participant shared how septic tanks improved quality of life
when compared to a pit latrine. While one participant acknowledged knowing both types filter
into the soil, he shared:

“The black water filters and if you put a sanitary toilet in your house, it does [not sure
how much]. Those black waters will reach drainage and it will filter the soil. If you are
trying to determine how much do they contaminate, what’s the quality of life that it’s
giving to people, I don’t know …having a septic tank gives you a better quality of life,
ok. But if you have a pit latrine, that black water will also go to the soil.”

Septic tanks are not completely enclosed as some would suspect. For those in the focus groups
that spoke on this issue, they admitted that their tanks were designed with cement walls, but the
bottom was open, filled with dirt, rocks, or both. It was unclear why focus group participants
viewed septic tanks separately from pit latrines when it came to infiltration.

d. Odors. Smells emanating from black holes (pit latrines) was a huge concern for all
focus groups. Many felt the fecal odor from the pit latrine brought disease:

“As the comrade is explaining, the well’s bad odor goes out and when you walk next to
it, you feel it and you inhale it and then, the same come, stomach problems, any bodily
problem because you are receiving those bad odors [smell].”
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All of the focus groups had at least one of their participants speak about the odors and the
diseases one could catch from just breathing the odors. Many of them believed the odors to
contain viruses, which caused respiratory and gastrointestinal problems. One town resident
participant discussed the benefit of septic tanks with respect to the odors:

“Concerning the [improved] services I would say that odors have improved a lot. It is no
secret the hole services (i.e. pit latrines) throw the odor out and anyone walking close by
could smell and bad smells are bad for health… before if there was a pit latrine in that
business over there (i.e. approx. 10 meters) we would smell it here. Especially during
winter.

Others felt that the odor had more to do with bugs falling in the latrine:

“When we had black wells [pit latrines], people used to get sick more often because the
wells were open and bugs would fall into it. With septic tanks, everything is closed and
there are no bugs anymore.”

Despite their feelings about odors, many of the participants still maintained a pit latrine as a
backup to their septic tank. Most gave the same reason; in times of water scarcity, they have to
use the pit latrine because the septic system is not operative, as it needs water for flushing:

“The only problem is that the toilets in the septic tanks cannot be used when there’s no
water...you cannot flush it”.
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e. Improvements. Participants from all focus groups recommended numerous ways to
improve existing sanitation systems. This included switching all homes over to septic tank only,
building better drainage below the tanks, fully enclosing the tanks with cement, working closer
with engineers on wastewater management at the community level, regular cleaning services by
a septic service, constructing bigger tanks, and educating the public on waste management. To
expand on the last point, one participant added the following:

“For me, it needs to… to educate people on the new system. It means that the
wastewaters should go into drainage because here we do not have public drainage,
because this is not a city. So all those waters should not be thrown into the backyards
because those are polluted waters. They should be integrated into the soil for filtration.”
3.5 Discussion
In general, most participants in this study looked highly upon their improved water
sources and sanitation sources from a perspective of convenience and safety. Participants from
household interviews and focus groups shared similar concerns with drinking water
organoleptics (i.e., sensory stimulus from color, taste, odor, and sedimentation). The smell and
taste of chlorine in the water was unappealing to most, despite some acknowledging the
importance of chlorination to water safety and human health (Doria, Pidgeon, & Hunter, 2005;
Young, Horth, Crane, Ogden, & Arnott, 1996). It is not uncommon for consumers to link
aesthetic issues, such an unpleasant taste or odor to a potential health risk (Jardine, Gibson, &
Hrudey, 1999), but was found not to be the case in these communities. Water committees from
three of the four study sites use chlorine pills to treat their community water, while the fourth
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uses a liquid chlorination injection system. Chlorination for these systems were found to be
inconsistent; operators in charge of chlorinating their respective water systems admitted to
adding chlorine at certain times of the month or when they “felt” the chlorine levels were too
low. Dosing at a single point in time, especially if one’s house is near the tank via the
distribution system may explain the smell and taste complaints (Turgeon, Rodriguez, Thériault,
& Levallois, 2004).
Information sharing was a concern for many community residents. This was mentioned
numerous times by many of participants during discussions on water quality. Participants shared
their mistrust and dissatisfaction with their local water committees, mainly focusing on issues of
communication. Many participants felt the quality of their water was acceptable, but could not
validate it without test results; results they have never seen or told by the water committee(s) or
the government. Others felt that having sedimentation or bad odors in the water cannot be good
for your health, which may be the only measure of quality they have to judge the potability of
water (Kelly & Pomfret, 1995). Some spoke about attending water committee meetings, where
community issues were discussed; just not water quality issues. Others felt that water committee
members should reach out to the community and involve them. Mistrust and dissatisfaction with
these water committees is most likely due to a mix of perceptions of quality and risk, but could
also be influenced by perceptions of carelessness, incompetence, and lack of cooperation (Doria,
2010; Welch, Rivera, Conway, Yonkoski, Lupton, & Giancola, 2005).
Perceptions on improved sanitation differed between household interview respondents and focus
group participants. When respondents were asked if their household sanitation systems
overflowed during rain events, a huge majority responded no; yet almost half of the respondents
thought other sanitation systems in their community did. This was surprising, given the fact that
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over 90% of the communities surveyed used septic tanks as their improved sanitation system.
Furthermore, the tanks were all constructed in a similar fashion; concrete walls with a dirt floor
and a 1 meter pipe extending out from the tank for drainage. It was unclear if these perceptions
were truly based on observations or if the respondents were uncomfortable in admitting their
tanks leaked. Males and females shared similar responses towards climate change, overflow of
septic tanks, and human waste in the environment, but were opposite on drinking water concerns.
It was unclear why males were almost twice as concerned as females about drinking water and
certainly warrants more investigation. Focus groups, on the other hand, expressed concerns with
overflowing to the extent that one focus group wanted to know if their septic tanks were
“properly” designed to keep the waste from filtering into the ground and groundwater.
Regardless of how they answered questions, there were very little differences among genders in
their responses. It was observed to be the same with age. Participants were apt to agree with one
another, rather than side with others that were closer to their age.
Odor was another issue brought up by participants during the discussion on sanitation
systems. Participants not only described the convenience of having a clean, indoor toilet, but
were appreciative for the “trapping of the odors”. Many described getting sick from the odors
out of the black hole (pit latrines), hence the Miasmic theory. This was a surprising revelation,
given that many had mentioned viruses and coliforms in the discussions, leading researchers to
believe participants had ascribed to the germ theory. Participants were also able to link odors,
insects, and the spread of disease. In other words, they felt odors from the pit latrines attracted
the bugs, where the bugs would go in the pit and pick up fecal matter. From there, they would
exit the pit and go inside homes, where it would be transmitted to food. It was unclear if these
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perceptions on disease transmission could be attributed to education, as none of the participants
mentioned learning about these concepts in school.
Finally, climate change, rainfall, droughts, earthquakes, and deforestation were
mentioned by both household interview respondents and focus group participants as very
concerning, with some having fatalistic viewpoints to the future with regards to water and
sanitation. Six months prior to the household interviews, an earthquake had taken place near this
watershed. The effect of earthquakes on groundwater sources could influence the decline of
water supply from these sources (Gorokhovich, 2005). There is, however, a concern that
depleted aquifers may actually be causing earthquakes as well (Johnson, 2012). Nonetheless,
people in these communities have a legitimate concern about water scarcity and its relationship
to climate change and other environment factors (United Nations Environment Programme,
2007).
Despite the little formal education of both groups, they had a clear understanding of how
climate impacts water, sanitation, and human health. They reported having longer summers and
less winters, more droughts and less rain, and the impact this has had on community water
systems. To our knowledge, none of those interviewed used any scientific data to base their
perceptions on, but mostly used indicators, such as the crop loss, drying up of surface waters, and
societal experience which reflects similar results in other studies (Hague, Yamamoto, Malik, &
Sauerborn, 2012; Macharia, Thuranira, Ngángá, Lugadiru, & Wakori, 2012).
Perception is the process by which people interpret and organize sensation into something
meaningful to him or her based on prior experiences, but may substantially be different from
reality (Pickens, 2005). For this study, the five levels (intrapersonal, interpersonal,
organizational, community, and societal factors) of the social ecology of health model (SEM)
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were used as a guide to explain community perceptions on improved water and sanitation.
Intrapersonal factors, such as age and gender, were not considered to influence perception.
Respondents and participants were in agreement on most issues and themes; there were no
distinctions made between gender and age. This may be partly due to the convenience of having
piped water and a toilet in the house where women most likely do not feel a sense of
vulnerability and have a sense of control (Doria, 2010). Given the social interactions within the
focus groups, the levels that best explain community perceptions on improved water and
sanitation would be the interpersonal, organizational, and community levels. Unlike other
cultures that have fallen prey to social media, the internet, and television, individuals within
these communities still rely on each other for information and camaraderie. People are aware of
who is doing what and where; word of mouth in these communities can rival the speed of a
phone call. This speaks to how these communities are deep rooted in tradition. The community
level from the SEM does not necessarily apply only to one town; there could be outside
influences. Many of the responses in focus group discussions were very similar among the study
sites, suggesting that friendships and discussions between participants from different towns may
include the sharing of community water and sanitation problems with each other.
3.6 Limitations
There were a few limitations to the study. Additional focus groups from other locations in
the watershed could have been conducted, ensuring saturation of the data. Unfortunately, there
were a limited amount of rural towns to select from. Also, the lack of diversity of socioeconomic
and occupational status of participants and the locations (rural) used for the study may not be
generalizable to other rural communities in other countries, let alone urban settings. Both head of
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the household respondents and focus group participants generally were middle aged and older,
which could be considered selection bias. Although efforts were made to prevent anyone of
authority or power in the community from participating in focus group discussions, it was
difficult to identify them without asking others in the community, which could be a bias in itself
(e.g., they may not like a particular person). Some of the participants may have responded to
questions in a way not to offend others, thereby modifying their true feelings and perceptions
about the questions at hand. Efforts were made by the moderator at the beginning of each focus
group to prevent this by stating that there was no right or wrong answers and to speak up at any
time, unless someone else was speaking. Overall, focus groups were light in nature with some
embedded humor and had a good flow, indicating any undue influence to be at best minimal.
3.7 Conclusion
Household interviews and focus group discussions revealed community perceptions on
water and sanitation to be consistent with previous studies (Jones et al., 2005). Access to water
and sanitation alone does not simply satisfy the needs of the consumers. Issues of water quality,
safety, convenience, proper maintenance and equipment, and properly designed sanitation
systems also need to be considered when defining access to improved water and sanitation and
what that means to the physical and mental well-being of individuals and communities. Water
committees and their respective communities in the Nandamojo watershed needs to develop a
relationship where feedback is bi-directional and all concerns are addressed. Ignoring the
perception of consumers about water service can lead to disgruntlement and mistrust among
community members (Doria, 2010).
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Water scarcity is an issue that not only affects those in this watershed, but across the
globe. Water availability and poor water management are at the root of vulnerability for many
countries already and this is likely to increase with future climate changes, having an undeniable
effect on development progress and achievement of the Millennium Development Goals;
adaptation strategies are needed urgently (United Nations Educational Scientific and Cultural
Organization (UNESCO), 2009). This includes drilling of deeper wells, effective strategies in
water resource management and conservation (e.g., rainwater harvesting), and the adaptation of
newer strategies for water usage in agriculture; the largest consumer of freshwater worldwide. In
fact, water quality and quantity (WQ2) need to be evaluated together in order to assess the full
impact on both environment and human health.. Given the challenges facing communities in the
Nandamojo watershed regarding water and sanitation, it is essential for scientists, researchers,
policy makers, water committees, health providers, and community members to design and
implement strategies in water resource management (The World Bank, 2009; Intergovernmental
Panel on Climate Change, 2008).
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CHAPTER 4.
AN ASSESSMENT OF WATER QUALITY IN IMPROVED WATER SYSTEMS OF
RURAL COSTA RICA

4.1 Abstract
Background: Communities in developing countries often experience acute
gastrointestinal infections (AGII) directly related to poor drinking water quality. Improved water
supply systems are essential in not only preventing AGII, but are also required for personal
hygiene and food preparation. These are the reasons the United Nations established Target 7.c as
one of its goals within the Millennium Development Goals (MDGs). This target calls for the
reduction, by half, the proportion of the world’s population without sustainable access to safe
drinking water. In rural areas of Costa Rica, >90% of the population has access to an improved
water source, exceeding the Millennium Development Goal (MDG), target 7.c well ahead of the
target date of 2015. Despite having access to improved water, water quality of these systems is
unknown. Target 7.c of the MDGs does not include water quality in the definition of safe water.
Furthermore, the use of the words “safe” and “improved” in the target are often interchanged and
can be misleading, especially when considering the impact of water quality on population health.
Although the World Health Organization (WHO) has published worldwide guidelines for
drinking water quality, the Ministers of Health of each country have the authority to establish
their own health standards with regards to drinking water. In Costa Rica, the Ministry of Health
has medical oversight of drinking water systems, while the Ministry of Environment, Energy and
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Telecommunications (MINAE) is the proponent for drinking water standards. Consequently,
there is a dichotomy that exists between recommended bacteriological standards by the MINAE
and the WHO. The MINAE recommends total coliforms to be used as indicators for fecal
contamination of drinking water in Costa Rica, whereas the WHO recommends fecal coliforms.
The use of total coliforms as an indicator in the tropics has been a center of debate among many
water experts. The intent of this study was to characterize the water quality of improved water
sources used by four rural communities in the Nandamojo watershed and to determine if
consumers are at-risk of AGII from drinking water from improved systems.
Objective: This study examined the association between drinking water quality and acute
gastrointestinal illness in a random sample of households in four rural communities in western
Costa Rica with improved water systems. In addition, drinking water quality was assessed and
used to determine if community water systems are, in fact, safe drinking water sources.
Methods: A cross sectional study was conducted using 104 households (378 individuals)
to collect information on demographics, current health status of residents, primary and secondary
drinking water sources, water treatment methods and frequency, and symptoms of acute
gastrointestinal illness in residents occurring in the two weeks prior to the interview. Two water
samples were also collected and analyzed for total and fecal coliforms, pH, turbidity, freeavailable chlorine (FAC), ammonia, and nitrates. Descriptive statistics, correlational, and
regression analyses were performed in SPSS, Version 22 and SAS, Version 5.1.
Results: 57% of household samples had total coliform bacteria above the Costa Rican
standard for safe drinking water exceeding the single standard limit of zero, while 61% failed the
World Health Organization standard for fecal coliforms exceeding the single standard limit of
zero. AGII was identified in 41 of the 378 household residents (11%). The odds ratio for AGII
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among household residents with a water sample positive for total coliforms was 1.88 (0.81-3.17).
Fecal coliforms were statistically significant for those with AGII (OR = 3.19, 1.43-7.12).
Regression modeling analyses revealed individuals with AGII and household drinking water
positive for fecal coliforms to be statistically significant (OR = 3.01, 1.33 – 6.84), while other
covariates (total coliforms, gender, treated water, and families) also had odds ratios greater than
one, but were not significant.
Conclusions: Study results revealed water quality standards in these communities to be at
best marginal, despite having access to improved drinking water. There is a need for
government, international organizations, water committees, health professionals, and
communities to work together in developing plans, policies, and methodologies in ensuring
quantity and quality of drinking water that will protect and enhance the health of these
communities.
Keywords: coliform bacteria, developing countries, gastrointestinal disease, indicators,
improved water
4.2 Introduction
Many communities in developing countries often experience serious public-health problems directly related to drinking water (Strauss, King, Ley, & Hoey, 2001; Tambe, Daswani,
Mistry, Ghadge, & Antia, 2008). Contaminated water can serve as a vehicle for numerous acute
gastrointestinal infections (AGII), such as diarrhea, H. pylori infection, typhoid, cholera, and
dysentery. Diarrheal diseases alone are responsible for the deaths of 2.2 million people globally
each year, mostly children in developing countries (World Health Organization, 2013). Safe,
potable drinking water is not only vital to health of a community, but is required for other
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domestic purposes, including food preparation and personal hygiene (World Health
Organization, 2011). Goal 7, target 10 of the Millennium Development Goals (MDGs) was
established to address this by targeting a goal of halving the proportion of people in the world
without sustainable access to safe drinking water by 2015 (United Nations Millennium Project,
2013). It is estimated that 92% of the world will have access to an improved water source by
2015 (World Health Organization, 2012a). Despite this achievement, there is concern that the use
of the words “safe” and “improved” by the United Nation and the WHO can be misleading,
especially when considering water quality and population health. There is also concern that these
numbers may be over-inflated when water quality indicators, such as thermotolerant bacteria, are
incorporated into the definition of safe water (Bain, Gundry, Wright, Yang, Pedley, & Bartram,
2012; Onda, LoBuglio, & Bartram, 2012). Given these concerns, it is unknown whether people
continue to be at-risk from exposure to contaminated drinking water, especially those in rural
areas.
Microbiological contamination of domestic drinking water during and after collection
from water sources has long been a standing problem in rural areas, even where source water is
uncontaminated (Gundry, Wright, & Conroy, 2004). In Costa Rica, many rural communities are
using piped community well water as their improved water source (World Health Organization
& United Nations Children’s Fund, 2012). Although the presence of a public water distribution
system is often an indicator of improved water supply in a developing country, it should not be
assumed that the resulting water quality is always adequate for human consumption (Lee &
Schwab, 2005; Moe & Rheingans, 2006). A poorly maintained water distribution system can act
as a transmission pathway for pathogens that may contribute to acute gastrointestinal illness in
communities. Poor water quality and quantity in distribution systems often result from a number
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of inadequacies, such as low water pressure, intermittent service, inadequate disinfection
residual, and leaks and corrosion (Lee & Schwab, 2005; Van Lieverloo, Blokker, & Medema,
2007). Furthermore, rapid urbanization of humans in rural communities and climate change is
having an impact on the availability of water in developing countries (Ashbolt, 2004; Harper,
Edge, Schuster-Wallace, Barked, & McEwen, 2011).
Water quality in rural areas is also impacted by non-point sources of pollution, such as
those resulting from agricultural activities (Pearson, 1999). In Costa Rica, the quality of drinking
water is affected by the leaching of nitrates and nitrites from fertilizers and leakage of fecal
matter from septic tanks and animal farms (Lager & Wikström, 2007; World Health
Organization, 2012b). In areas where groundwater is potentially contaminated, it is important to
determine the health risks associated with drinking water via water testing.
Indicator bacteria are used to evaluate drinking water for fecal contamination. A number
of indicators, to include total and fecal coliforms, have been used to assess fecal contamination
of water sources. The criteria for an ideal indicator of water quality includes: 1) be suitable for
all categories of water; 2) present in wastewaters and polluted waters whenever pathogens are
present; 3) present in greater numbers than pathogens; 4) have similar survival characteristics as
pathogens in waters and water and wastewater treatment processes; 5) unable to multiply in
waters; 6) non-pathogenic; and 7) able to be detected in low numbers reliably, rapidly, and at low
cost (Boned, 1977; Mara, 2003).
Although total coliform bacteria have historically been the standard indicator used for
drinking water quality, the reliability and usefulness of total coliforms as indicators has been
contested for years. Total coliforms have been found to grow and survive in drinking water
systems and not always be present in test results during waterborne disease outbreaks (Australian
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Government National Health and Medical Research Council, 2003). Furthermore, they have also
been found to be inhabitants of water, soil, and plants, which is why the WHO has shifted away
from the use of this to assess human health risk (Centers for Disease Control and Prevention,
2010). Despite these negatives, total coliform bacteria may still have some applicability as an
indicator for drinking water assessments. This could include: 1) routine sampling in a treatment
process with a history of compliance to regulations; 2) determination of the efficiency of a
treatment process if both pre- and post-treatment waters are collected; and, 3) risk assessment in
lower-risk waters when E. coli is not present (Centers for Disease Control and Prevention, 2010).
Although the World Health Organization recommends using fecal coliforms as bacterial
indicators for drinking water, the MINAE (Ministerio de Ambiente, Energía y
Telecomunicaciones), Costa Rica’s government agency that acts in the same capacity as the
United States Environmental Protection Agency, recommends total coliforms as bacterial
indicators for drinking water quality testing. Studies have looked at the relationship between
bacterial indicators and AGII and have been unable to establish strong associations between
them (Fatal, Guttmann-Bass, Angarsk, & Shuval, 1988; Gundry, Wright, & Conroy, 2004). This
may be due to the indicator bacteria used to assess water quality and their threshold levels
(Spirou, Farley, Collin, Carrel, & Berlin, 1987). This is complicated further when considering
water sampling in tropical countries. Although total coliforms are used as the traditional
indicator for drinking water in many developed countries, their applicability in tropical countries
remains at best questionable.
This study examined the relationship between drinking water quality and acute diarrheal
disease in four rural communities in western Costa Rica. In addition, household drinking water
quality was assessed for bacterial contamination using both total and fecal coliforms. Finally,
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total coliforms were assessed for their use as an indicator for drinking water systems in tropical
environments.
4.3 Methods
4.3.1 Overview of Methods. This study was carried out in the Nandamojo watershed,
located in the province of Guanacaste on the west side of Costa Rica. Four rural communities
were selected for this study, representing a cross section of rural populations in this area. The
four study sites were Paraiso, La Florida, San José de la Montaña and Venado. Locations of
study sites are shown in Figure 4.1.

Source: Restoring our Watershed & GoogleEarth

Figure 4.1 Names and Locations of Study Sites in the Nandamojo Watershed

All four towns rely on piped water from the community well as their improved water
source. In addition to this, some community residents used wells (boreholes) as secondary
sources for drinking water. In terms of sanitation systems, septic tanks were the improved
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sanitation system used by most of the residents (>90%). Pit latrines were used by some as a
backup to the septic tanks.
4.3.2 Household Recruitment and Procedures. Households were randomly selected
using Geographical Information System (GIS) maps. Initially, GIS maps were generated for each
community for the sole purpose of identifying potential households for recruiting. Households
visible on the map were labeled with numbers and randomly selected for recruitment. Sample
sizes for this study were calculated for each site. These calculations were based on a 95%
confidence level, 5% confidence limit, and 10% prevalence rate for diarrheal disease. Since one
person per household was interviewed in this study, sample size was re-calculated for the
required number of households. Sample sizes calculated for each location were: a) Paraiso
(n=103); b) Venado (n=90); c) La Florida (n=95); and d) San José de la Montaña (n=47). Sample
sizes were converted to households, using each town’s average household size. Therefore, the
number of households required for this study was: a) Paraiso (n=31), b) Venado (n=27), c) La
Florida (n=31), and d) San José de la Montaña (n=17).
Community maps were re-generated with these numbers to assist researchers in door-todoor recruiting. Recruitment for the study took place over a 7-day period. All households in the
study area were eligible to enroll in the study with the exception of those who did not want to
participate, self-identified as head of the household who were under the age of 18, or did not feel
comfortable speaking on behalf of household occupants. Spanish consent forms were provided to
each participant as well as verbally administered in Spanish by an interviewer. Upon receiving
verbal consent, one-on-one interviews were conducted using a survey instrument. Three teams of
researchers, each with a male and female researcher were used to collect information. Interviews
were administered in Spanish by two native speakers and one certified speaker. Prior to the
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interviews, research team members received training on data collection procedures,
confidentiality and privacy issues, rapport, neutrality, maintaining control, probing, and water
collection techniques. Verbal consent was obtained from the head of the household from each
participating home.
Each study site took two days to collect information, for a total of 8 days overall. A
research supervisor was present in the field full time to monitor and ensure the quality of the data
collected, to properly store drinking water for safe transport to the lab, to conduct on-the-spot
water sampling, and to direct teams to household participants. A total of 107 households were
interviewed. The response rate of participation was 100 percent and no participant dropped out
after consent was given. All study instruments and protocols were approved by the Ministry of
Health, Costa Rica and the Institutional Review Board at the University of South Florida (IRB#
Pro00010260).
4.3.3. Data Collection. Data was collected using a survey instrument and obtaining two
drinking water samples from each home. The survey instrument was pre-tested and field-tested
in Veintisiete de Abril, a community located within the watershed. This community was
purposely selected because it was not one of the study sites; therefore, information bias with
regards to prior knowledge of the survey questions was not an issue. Once saturation was
achieved during field testing, the instrument was revised to produce the final interview guide.
The survey instrument used for the interviews was a semi-structured questionnaire that
ascertained information on demographic characteristics (age, gender, and number of residents in
the house), current health status of household residents, household drinking water and sanitation
information, perceptions on water quality, environmental contamination from human, animal,
and chemical waste, climate change, and acute diarrheal disease-associated symptoms for each
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resident over the 2-week period preceding the interviews. There were five sections in the
questionnaire.
Demographic information of the head of the household and household residents was
annotated at the beginning of the interview. This included household resident information on
age, sex, and their health status in the past 6 months. Section ‘A’ included 12 questions on
household water information, drinking water concerns, pesticide concerns, and noticeable
changes in rainfall and the climate. Section ‘B’ included 8 questions on household sanitation
information and their perceptions on human and animal waste contamination in the environment,
as well as chemical contamination. Section ‘C’ included 4 questions on house structure (e.g.,
types of walls, floors, etc.) and a comment area for additional remarks. Section ‘D’ was used to
annotate household water information, such as water source (e.g., kitchen tap, hose, and bottled
water), date, time, and lab results. Section ‘E’ contained 8 questions about residents’ health in
the 2 weeks prior to the interview. The head of the household was asked if they or any of the
residents suffered from the following symptoms: (1) nausea; (2) vomiting (3 or more times in a
day); (3) diarrhea (3 or more loose watery stools in a 24-hour period); (4) fever of > 38°C; (5)
stomach pain; (6) sore throat; (7) headache; and (8) cold or flu.
4.3.4 Water Sample Collection. Two drinking water samples were collected from each
household in all of the four study sites after the head of the household provided permission.
Water sampling was conducted at the very end of the interviews to ensure the sample was
immediately stored on ice. Prior to sampling, research team members were trained to collect
water in accordance with standard protocols for water sampling (American Public Health
Association (APHA), 2013). One sample was collected in a dark, 500-milliliter whirlpak® bag,
while another sample was collected in a clear bag. Dark bags were used since light affects the

94

chemical transformation of nitrogen. Dark bags also contained sodium thiosulfate, a chemical
used to remove chlorine from the water sample. This was used to ensure coliform survivability
from collection to analysis. Each bag was marked with the unique ID, date, and time. All
samples were kept out of direct sunlight and stored in a cooler with freezer packs following
collection.
Samples were processed within 6-8 hours at a field laboratory set up in a house located at
Hacienda de la Norma (HLN), Costa Rica. Samples were tested for bacteriological and physiochemical parameters. This included total coliforms (TC), fecal coliforms (FC), ammonia,
nitrates, turbidity, free-available chlorine (FAC) and pH. The decision to test for ammonia and
nitrates was based on knowledge that they can be markers of chemical contamination from
agricultural practices (Berka, Schreirer, & Hall, 2001). A total of one hundred and fourteen
samples were collected.
4.3.5 Water Sample Analysis. Water quality analyses were conducted using a field
expedient microbiology laboratory, equipped with a hand pumped vacuum filtration unit,
incubator, spectrophotometer, petri dishes, and other standard lab supplies. Bacterial indicators
were analyzed using membrane filtration technique 9222D (American Public Health Association
(APHA), 2013). Sterile, deionized water was used as a negative control. Samples were filtered
through 47 mm diameter, 0.45 µm porosity cellulose filter paper and grown on selective media.
The stainless steel filtration unit was sterilized between samples through flame sterilization. 1
mL of methanol was poured in the unit, ignited, and allowed to burn for 5 minutes. Methanol
burns anaerobically to form formaldehyde, which ensures a complete sterilization. 100 mL of
household water was filtered through the vacuum filtration unit. A portable field incubator with 2
temperature-specific chambers was used to grow both indicators separately. Plates were
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incubated for a minimum of 14 hours at 37°C for total coliforms and 44°C for fecal coliforms on
Membrane Lauryl Sulfate Broth (MLSB) media with yellow colonies counted as positive for
both (APHA, 2013). Blank samples were run before filtration of the first, last, and every fifth
sample to confirm the sterility of the filtration unit. Colony counts were converted to colony
forming units (CFUs) per 100 milliliters after dividing by the filtration volume.
Free-available chlorine (FAC), turbidity, and pH were measured at each field site using a
Wagtech® Potalab photometer 7100, Wagtech® turbidity meter, and Wagtech® Potalab pH 11
digital meter, respectively. Each instrument was calibrated prior to use and in accordance with
the manufacturer’s instructions. The decision to measure these parameters at the study sites
rather than at field lab was to avoid changes in sample characteristics due to temperature shifts
and settling. The analyses of water for ammonia and nitrate were conducted using
Spectrophotometry (colorimetric) methodology, per the manufacturer’s instructions. Ten
milliliters of the original sample was pipetted into one 50 milliliter glass vial for each parameter.
Reagent specific tablets were added to each vial and crushed in order to speed up absorption.
Once absorbed, the samples were left to stand for a specified amount of time, per the
manufacturer’s directions. This allowed for full dissolution of the tablets. The sample was then
placed in the spectrophotometer and measured using pre-programmed, reagent specific software.
4.3.6 Statistical Analyses. Descriptive statistics (mean and ranges) of total coliform,
fecal coliform, turbidity, free-available chlorine, pH, ammonia, and nitrate measurements were
calculated. Pearson correlation analyses were used to evaluate correlations between water
parameters. 2x2 tables were used to calculate crude odds rations for ADD and bacterial
indicators as well as determining the sensitivity, specificity, and predictive values for total
coliforms as a diagnostic test by using fecal coliforms as the gold standard. Logistic regression
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models were used to describe the relationship between the risk of acute diarrheal disease (ADD),
bacteriological indicators of drinking water, and other covariates. For the purposes of this study,
the term “ADD” was used to describe the outcome of interest, which was defined by those
suffering from diarrhea. Covariates included in this were age, gender, family size, and household
treatment of water. In all models involving bacterial indicators, a value of 0 was assigned to TC
and FC negative results (i.e., no growth), while a value of 1 was used for any result of one
CFU/100 ml or greater. For dependent and independent variables, all were categorized as 1 or 0
except family size and age. Odds ratios (ORs) and 95% confidence intervals were used to
determine the degree of association between bacterial indicators and risk of illness. Data entry
and analyses were performed using the Statistical Package for the Social Sciences (SPSS),
Version 22 (SPSS, Inc., Chicago, IL, USA) and Statistical Analysis Software (SAS), Version 5.1
(SAS Institute Inc., Cary, NC, USA).
4.4 Results
4.4.1 Water Quality. A total of 114 water samples were collected. All, but 10 samples
were used in this study. Table 4.1 provides a summary of the mean and ranges for bacteriological
and physio-chemical parameters. La Florida and San José de la Montaña had a higher mean of
coliforms as compared to Paraiso and Venado. All sites shared similar values for physiochemical properties with the exception of turbidity, where Paraiso was low (0.80 NTU) as
compared to the other sites (range: 4.08-5.72). Source (well) water samples were also collected
and analyzed for the same parameters (Table 4.2). All of the study site (town) wells tested
negative for both coliforms with the exception of San José de la Montaña (TC = 44 CFU/100ml,
FC = 2 CFU/100ml).
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Table 4.1
Summary of Drinking Water Quality Parameters for Study Site Households
(Meana and Ranges of Values)
Paraiso
(n=30)

Venado
(n=29)

La Florida
(n=30)

Total Coliforms
(CFU/100ml)

1
(0-8)

7
(0-92)

39
(0-300)

22
(0-71)

Fecal Coliforms
(CFU/100ml)

1
(0-21)

18
(0-300)

37
(0-300)

56
(0-300)

pH

7.51
(6.42-8.89)

8.59
(7.31-9.12)

8.43
(6.8-8.96)

8.62
(7.38-9.04)

Free Available
Chlorine
(mg/L)

0.16
(0-0.65)

0.04
(0-0.14)

0.04
(0-0.11)

0.05
(0.01-0.11)

Turbidity
(NTU)

0.80
(0-2.72)

4.08
(0.77-13.69)

5.72
(0.09-15.36)

4.98
(0-13.74)

Ammonia
(mg/L)

0.75
(0.02-1.20b)

0.87
(0.16-1.20b)

1.01
(0.10-1.20b)

1.20
(1.06-1.20b)

Nitrates
(mg/L)

1.56
(0.50-6.47)

0.53
(0.18-3.13)

2.68
(0.69-22.0c)

1.00
(0.70-2.09)

a

San José de la Montaña
(n=15)

Concentration of bacteria and physiochemical parameter values are given as geometric means
Sample reading was above the limit of detection. Per manufacturer’s recommendation, the assigned value for NH 3 is the maximum value (1.2
mg/L)
c
Sample reading was above the limit of detection. Per manufacturer’s recommendation, the assigned value for NO3 is the maximum value (22
mg/L)
b

98

Table 4.2
Summary of Drinking Water Quality Parameters for Study Site Source Water
Paraiso

Venado

La Florida

San José de la Montaña

Total Coliforms
(CFU/100ml)

0

0

0

44

Fecal Coliforms
(CFU/100ml)

0

0

0

2

pH

8.10

8.75

8.03

6.50

Free Available
Chlorine
(mg/L)

0.01

0.09

0.02

0.02

Turbidity
(NTU)

0.80

1.51

5.57

0.00

Ammonia
(mg/L)

0.78

0.85

0.06

0.11

Nitrates
(mg/L)

0.30

0.12

0.69

0.23

All measurements were compared to drinking water standards established by the MINAE
or the WHO, where applicable (Table 4.3). 57% of household samples had total coliform
bacteria above the Costa Rican standard for safe drinking water exceeding the single standard
limit of zero, while 61% failed the World Health Organization standard for fecal coliforms
exceeding the single standard limit of zero. Overall, Paraiso had the best compliance rates among
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all study sites, while drinking water in San Jose de la Montaña exceeded established thresholds
for total coliforms (87% of the samples) and pH (73% of the samples).
Table 4.3
Number and Percentage of Compliant Water Samples
Paraiso

Venado

La Florida

San Jose de
la Montaña

MINAEa
Standards

WHOb
Standards

Total Coliforms
(CFU/100ml)

21 (67%)

14 (48%)

8 (27%)

2 (13%)

0

Not
Recommended

Fecal Coliforms
(CFU/100ml)

25 (83%)

11 (38%)

4 (13%)

1 (7%)

Not
Recommended

0

pH

25 (83%)

5 (17%)

15 (50%)

4 (27%)

6.5 – 8.5

6.5 – 8.5

Free Available
Chlorine
(mg/L)

10 (33%)

0 (0%)

0 (0%)

0 (0%)

No Health
Standard

0.2 - 5

Turbidity
(NTU)

30 (100%)

21 (72%)

19 (63%)

9 (60%)

>1 - 5

No Health
Standard

Nitrates
(mg/L)

30 (100%)

30 (100%)

30 (100%)

30 (100%)

0 - 50

< 50

aDecreto
b

32327-S MINAE Reglamento para la Calidad del Agua Potable
WHO guidelines for drinking-water quality, 2011

Bacterial indicators and physiochemical parameters were analyzed using the Pearson
Correlation Coefficient test to evaluate the relationships among them. For indicators, total
coliforms showed a weak association with nitrates (r=0.199, p<0.05). Free Available Chlorine
(FAC) was inversely correlated with pH (r= - 0.639, p<0.01) and ammonia (r= - 0.271, p<0.01).
Finally, correlations were observed between turbidity and ammonia (r=0.247, p<0.01), turbidity
and pH (r=0.296, p<0.01), and ammonia and pH (r=0.407, p<0.01). See Figures 4.2 - 4.7 for
scatterplot graphs.
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Figure 4.2 Scatterplot Graph of Nitrates and Total Coliforms

Figure 4.3 Scatterplot Graph of pH and Free-Available Chlorine (FAC)
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Figure 4.4 Scatterplot Graph of Ammonia and Free-Available Chlorine (FAC)

Figure 4.5 Scatterplot Graph of Ammonia and Turbidity
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Figure 4.6 Scatterplot Graph of pH and Turbidity

Figure 4.7 Scatterplot Graph of pH and Ammonia
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To assess whether total coliforms could be used as a bacterial indicator in tropical areas, a
2 X 2 table was used to compare total coliforms to the gold standard, fecal coliforms (Table 4.4).
Total coliforms were found to have a sensitivity of 76%, specificity of 75%, and predictive
values (PV) of 93% (positive) and 43% (negative).

Table 4.4
Sensitivity, Specificity, and Predictive Values (PV) of Total Coliforms
Gold Standard

Total
Coliform
+
Total
Coliform
Total

Fecal
Coliform
+

Fecal
Coliform
-

Total

25

2

27

Sensitivity
76%

PV+
93%

8

6

14

Specificity
75%

PV43%

33

8

41

4.4.2 Household Interviews. Health and socio-demographic information on 378
individuals was collected from a total of 107 households (Table 4.5). Three households were
excluded from data analysis because household water was not available for collection at the time
of interviews. The average size of households was 3.9 and the average age of the head of the
households was 50 years of age. 35% of household residents reported their health as good, 32%
had fair health, 27% had excellent health, and 6% had poor health (Table 4.5).
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Table 4.5
Household Socio-Demographic Characteristics, All Sites Combined (n=104 households)
Characteristics

Frequency (%)

Gender
Male

192 (51%)

Female

186 (49%)

Age (years)
0-5

35 (9%)

6-18

93 (25%)

19-49

154 (41%)

50+

96 (25%)

Household size (No. of persons)
1-2

59 (16%)

3-4

129 (34%)

5+

190 (50%)

Occupation ( head of the household only)
Agriculture

26 (25%)

Housewife

22 (21%)

Retired

11 (10%)

Laborer

33 (32%)

Business

7 (7%)

Religion

1 (1%)

Student

3 (3%)

Musician

1 (1%)

Reported Health Status of Household Residents
Excellent

102 (27%)

Good

132 (35%)

Fair

121 (32%)

Poor

23 (6%)

Of the 104 households interviewed, 79% use community well water as their primary
source of drinking water, 16% use a well on their property, 4% use both, and 1% use bottled
water (Table 4.6). 30% of households use a secondary water source for drinking water, while
70% only use their reported primary source. Households were asked if they treat their household
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drinking water. 73% do not use any treatment methods, while 27% of those that do treat their
water use bleach (32%), boiling (39%), filtering (21%), bleach and boiling (4%), and boiling and
freezing (4%) as their treatment methods (Table 4.6).

Table 4.6
Reported Primary Household Drinking Water Sources and Treatment Methods
Frequency (%)
Primary Drinking Water Sources
Community Well (Piped) Water

82 (79%)

Property Well

17 (16%)

Community and Property Wells

4 (4%)

Bottled Water

1 (1%)

Primary Drinking Water Treatment Methods
Bleach

9 (32%)

Boiling

11 (39%)

Filtering

6 (21%)

Bleach and Boiling

1 (4%)

Boiling and Freezing

1 (4%)

ADD was identified in 41 of the 378 household residents (11%). There were four
variables explored as risk factors for ADD: age, gender, treated water, and family size. These
four variables were stratified as a group by total and fecal coliforms to produce odds ratios and
p-values. Although total coliforms, gender, treated water, and family size produced odds ratios
greater than one, they were statistically non-significant in both models (see Tables 4.7 & 4.8).
Fecal coliforms were the only variable that had both an odds ration greater than one (OR = 3.01)
and was statistically significant (Table 4.8).
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Table 4.7
Association between Total Coliforms, Covariates, and Acute Diarrheal Disease
ADDa

Variable

N

Adjusted Odds Ratio (95% CI)c

Total Coliforms
>1 CFU/100ml

27

1.57 (0.79-3.13)

0 CFU/100ml

14

Reference

Age

41

0.80 (0.53-1.21)

Females

25

1.65 (0.84-3.22)

Males

16

Reference

Yes

12

1.50 (0.71-3.17)

No

29

Reference

Family Size

41

1.47 (0.88-2.47)

Gender

Treated waterb

aADD

is defined as those who reported having diarrhea
water is defined as water treated in the household at the point-of-use.
cOdds Ratio calculated at a p-value = 0.05

bTreated
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Table 4.8
Association between Fecal Coliforms, Covariates, and Acute Diarrheal Disease
ADDa

Variable

N

Adjusted Odds Ratio (95% CI)c

Fecal Coliforms
>1 CFU/100ml

33

3.01 (1.33-6.84)

0 CFU/100ml

8

Reference

Age

41

0.82 (0.54-1.25)

Females

25

1.65 (0.84-3.24)

Males

16

Reference

Yes

12

1.24 (0.58-2.66)

No

29

Reference

Family Size

41

1.43 (0.84-2.41)

Gender

Treated waterb

aADD

is defined as those who reported having diarrhea
water is defined as water treated in the household at the point-of-use.
cOdds Ratio calculated at a p-value = 0.05
bTreated

Indicator bacteria were coded as negative (0) or positive (1) and used to determine the
odds ratio of those with and without AGII (Table 4.9). The odds ratio for AGII among household
residents with a water sample positive for total coliforms was 1.88 (0.81-3.17). Fecal coliforms
were statistically significant for those with AGII (OR = 3.19, 1.43-7.12).
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Table 4.9
Association between Bacterial Indicators and ADDa
Yes

No

%

Odds Ratio (95% CI)

Positive (> 1 CFU/100 ml)

27

184

56%

1.88 (0.81-3.17)

Negative (0 CFU/100 ml)

14

153

44%

Reference

Positive (> 1 CFU/100 ml)

33

190

59%

3.19 (1.43-7.12)

Negative (0 CFU/100 ml)

8

147

41%

Reference

Total Coliform

Fecal Coliform

aADD

includes those reporting diarrhea only.

4.5 Discussion
Drinking water compliance and the decline in water quality in all four study sites were
most likely a result of not just one factor, but various factors. Total and fecal coliform
compliance with the MINAE and WHO standards appears to be a function of the size of the
town, as compliance rates with the standards increased with population size. Compliance may
also be a function of water committee involvement or infrastructure of the distribution system
(e.g., new versus old pipes) and warrants further research. Another important factor impacting
water quality was water scarcity. Paraiso had uninterrupted water service for their customers,
which most likely enhanced its water quality and compliance rates and has been shown in other
studies (Kelkar, Andey, Pathak, & Nimbalkar, 2002). The other three study sites had interrupted
water service in their respective communities, allowing consumers to access drinking water 2-3
hours per day. These three sites derive their source water from shallow aquifers; aquifers that
could not keep up with quantity demands from the communities. This, along with the lack of
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rainfall over the last three years has impacted the amount of available water from these aquifers.
Overall, San José de la Montaña had the worse compliance rates, despite the similarities in water
system attributes it shared with the other study sites. Geographically, San José de la Montaña has
a wider service area as compared to the other study sites. The length of the distribution system
could have contributed to the contamination of the system, as well as diluting any free available
chlorine that may have been fed into the system at the storage tank (Bailey & Thompson, 1995;
WHO, 2004).
Chlorine residual in these systems were also found to be low, with most of them well
below the WHO standard of 0.2 mg/L. The sustainability of drinking water chlorine residual
levels in developing countries has been shown in other studies to be problematic as well as
impacting human health (Unnisa & Hassan, 2013; Boisson, Stevenson, Shapiro, Kumar, Singh,
Ward, & Clasen, 2013) Minimum chlorine residual in a water distribution system is needed to
protect human health from waterborne pathogens by controlling the re-growth of bacteria
(LeChevallier, Cawthon, & Lee, 1988; LeChevallier, Welch, & Smith, 1996; Clasen, Roberts,
Rabie, Schmidt, & Cairncross, 2006). The World Health Organization recommends water
distribution systems to maintain a residual concentration of free chlorine of ≥ 0.5 mg/liter after at
least 30 minute contact time at pH < 8.0 (World Health Organization, 2008). Chlorine residual
levels in water distribution systems are also affected by higher temperature, chlorine
concentration, total organic carbon concentration (nutrients), biofilm and corrosion product
mass, and as pipe corrosion rates increase (United States Environmental Protection Agency,
2006; LeChevallier, Cawthon, & Lee, 1988). The fact that these communities are in a tropical
environment (e.g., high temperatures and nutrient levels) makes residual disinfection a challenge.
Water committees should consider daily monitoring of chlorine residual to be part of their
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operational duties. Correlation analyses of water quality indicators showed no significant
associations between fecal coliforms and physiochemical parameters. Total coliforms were
significantly correlated positively with nitrates, although it was a weak association. A study
looking at household drinking water in India found a similar correlation between total coliform
and nitrates as well (Sunitha, Murthy, Divya, & Ramalingam, 2013). There were also five pairs
of physiochemical parameters that were significantly correlated, either positively (n=3) or
negatively (n=2). Of those five, only one was moderately correlated (pH and ammonia). Another
study found similar results with 20 physiochemical parameters that were measured as part of
groundwater analyses, where the authors concluded that they all were more or less correlated
(Dash, J.R., Dash, P.C., & Patra, 2006).
ADD was identified in 41 of the 378 household residents (11%). This validates the 10%
baseline prevalence rate of diarrheal disease in this watershed, as reported by the Ministry of
Health. There were one and a half as many females suffering from ADD as compared to males,
while those who did not treat their water had almost 2 and a half times as many cases of ADD
when compared to those who used treatment methods on their household water. Children have
been found to be more at-risk from ADD as compared to adults (Strauss, King, Ley, & Hoey,
2001; Harper, Edge, Schuster-Wallace, Berke, & McEwan, 2011), however, in this study, there
weren’t any significant differences among ages. This is a surprise, given the susceptibility of
children to ADD, which has been attributable to decreased immunity to gastrointestinal
pathogens or age-specific behaviors, such as hand-to-mouth contact (Harper, Edge, SchusterWallace, Berke, & McEwan, 2011). In terms of water treatment and the risk of ADD, this study
is consistent with another study that showed treating water at the point-of-use decreased the risk
of diarrheal disease (Gundry, Wright, & Conroy, 2004).

111

Total coliforms were studied for its applicability as an indicator of fecal contamination by
comparing it to fecal coliforms via a two-by-two table. Fecal coliforms were used as the gold
standard since the WHO recommends this for use as an indicator for drinking water. Total
coliforms were found to have a sensitivity of 76% and a specificity of 75%. Since it is desirable
to have high sensitivity and specificity, this would suggest total coliforms may not be useful as a
test in identifying those with ADD who had positive water result or those without ADD who had
a negative water result. This is further supported by the predictive values. Although 93% is
respectable number for determining the proportion of people with a positive total coliform test
having ADD, the PV(-) value of 43% is rather low and leaves open the possibility of falsely
classifying those without disease with a negative test result (i.e., false negative). Total coliforms
were also not found to be significantly associated with ADD (OR = 1.88 (0.81-3.17)). This
would suggest that total coliforms could provide misleading results, resulting in waterborne
outbreaks despite compliant total coliform results and therefore, should not be used an as
indicator (Sobsey, 1989).
4.6 Limitations
It is extremely difficult to assess water quality, as water samples represent the point in
time they are collected from a water source and may not be a suitable representative as an
“overall” benchmark of water quality. Water quality of a distribution system is not static; it is
influenced by loss of adequate disinfectant residual, low water pressure, intermittent service, and
an aging infrastructure (Lee & Schwab, 2005). Almost all of these factors are never accounted
for or used in determining water quality. Robust water testing throughout the year, especially in
periods of drought and flooding would provide these communities information in which they
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could implement prevention strategies (e.g., using additional treatment methods) during high risk
periods.
Self-reported ADD symptoms may have been associated with food consumption or
direct contact transmission and not from water consumption. Water is one transmission pathway
for ADD; it important to consider other routes of exposure. In fact, it has been suggested that
other fecal-oral transmission pathways may have more of an impact on diarrheal diseases than
drinking contaminated water (Vanderslice & Briscoe, 1993).
Some of the questions on the survey instrument could have introduced information bias
prior to the health-related questions. For example, questions related to perceptions of human and
animal waste potentially contaminating water sources could have caused participants to
exaggerate health symptoms that may be in response to their perception (e.g., feeling ill after
responding that they believe human waste gets into (drinking) water sources). Recall bias was
another limitation, as the head of the household reported symptoms on behalf of household
residents and may have not been aware of certain symptoms that require a measurement (e.g.,
fever). Finally, there were very few demographic risk factors that were explored. Although many
of these communities were very similar with respect to income levels and occupations, it is
important to take into account the demographic determinants of ADD in order to identify
vulnerable groups for intervention and prevention programs (Majowicz, Horrocks, & Bocking,
2007).
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4.7 Conclusion
Although these communities have access to improved drinking water, water quality
standards are at best marginal. Based on the results of this study, tropical countries using total
coliforms as an indicator for water quality should reconsider the WHO recommendation of using
fecal coliforms for assessing drinking water quality. For a water system to maintain good health
effectively in communities, it must consist of the following six attributes: (1) good water quality;
(2) sufficient water quantity; (3) accessible; (4) reliable (uninterrupted service); (5) low cost; and
(6) ease of management (Carter, 2006). Water quality and quantity (WQ2) are a concern for
these communities and will be for years to come. Water committees in these communities are
doing their jobs to best of their ability, with limited resources; however, there is a need for
government and international organizations (both Costa Rica and Pan American Health
Organization), water committees, and communities to work together in further developing plans,
policies, and methodologies in ensuring quantity and quality of drinking water that will protect
and enhance the health of these communities. This includes water conservation strategies,
drinking water monitoring, community involvement in the operation and maintenance of such
systems, and periodic risk assessments. Furthermore, health professionals, public health
practitioners, and other stakeholders should also join in on the discussion on how to effectively
address these issues in order to improve health in these communities. Although “improved”
water and sanitation implies an improvement in sources and type of systems, it does not mean it
is safe for human health and the environment.
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CHAPTER 5.
RECREATIONAL WATER AND THE RISK OF WATERBORNE ILLNESS IN COSTA
RICA: COMMUNITY PERSPECTIVE VERSUS WATER QUALITY DATA

5.1 Abstract
Background: Illnesses associated with recreational water are an increasing public health
problem, causing a great burden of disease in bathers every year. The global health impact of
infectious diseases associated with recreational water exposure has been estimated at around
three million disability-adjusted life years (DALYs) per year, resulting in an estimated economic
loss of around twelve billion dollars per year. Fecal and chemical contamination of recreational
water is a concern, especially in areas of non-point source pollution. Health-based water
monitoring is often conducted in recreational waters as a tool for assessing risk. In Costa Rica,
recreational water sampling is conducted at coastal beach areas only, neglecting other surface
waters used by residents and tourists. Community perspectives regarding recreational water use
and the associated risks are limited. Understanding these perspectives will enable public health
professionals to better target community needs, such as education and to address the concerns of
participating communities.
Objective: The purpose of this study was to better understand individuals’ perceptions of
risk and to determine if those perceptions correlate with water quality data from freshwater and
marine water throughout the Nandamojo watershed in Costa Rica.
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Methods: In March and July 2013, a mixed methods research design was used to capture
community perspectives on recreational water use, risks associated with it, and contamination of
surface waters with human, animal, and chemical waste. In-depth household interviews (n=104)
and focus groups (n=7) were used to collect data. Recreational water samples of freshwater and
marine water sources were analyzed for bacterial indicators (fecal coliforms and enterococci),
nitrates, and ammonia. Correlations between water parameters were assessed.
Results: Overall, most respondents felt recreational water sources, such as streams and
rivers were contaminated with human, animal, and chemical wastes. Focus group participants
also stated they did not use inland waters for recreational purposes for these reasons. However,
many did admit using marine water for recreational bathing and felt these areas were not
contaminated. These beliefs did coincide with the water quality results from freshwater sources,
but not marine sources. Fecal coliform contamination was widespread throughout the watershed
in freshwater sources. Marine water samples failed the World Health Organization (WHO) and
Costa Rican recreational water standards for fecal coliform and enterococci in 36% and 6% of
the samples, respectively. Ammonia and nitrates were detected at all sites, but were only
correlated in freshwater samples.
Conclusions: The perception of community members, to include focus groups and
household respondents provided insight into community perspectives on recreational water
contamination, use and how social interactions among community members influence these
perspectives. Results indicated an agreement between community perceptions and water quality
results for freshwater sources, but not for marine waters. Further studies exploring community
perspectives, health data and water quality are needed to understand these complex relationships.
Keywords: recreational water, bacterial indicators, community perspectives, environment
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5.2 Introduction
Recreational water illnesses are an increasing public health risk for those engaging in
recreational water activities. It has been estimated globally that some 120 million gastrointestinal
infections and 50 million cases of respiratory infections are caused by exposure to wastewater
polluted marine waters annually (Shuval, 2003). Ear, eye, and skin ailments have also been
associated with recreational water exposure (World Health Organization, 2001: Yau, Wade, de
Wilde, & Colford, 2009). Waterborne diseases associated with recreational water use have been
well studied, but conducted mostly in areas within temperate climates (World Health
Organization, 2005; Prüss, 1998; World Health Organization, 2012; Leclerc, Schwartzbrod, &
Dei-Cas, 2002). However, waterborne diseases are particularly a concern in tropical areas, where
the organisms that produce them are in much greater numbers where the affected large
populations are ill-housed, undernourished, and medically underserved (Hazen, 1988).
Furthermore, health-based routine monitoring of recreational water in tropical areas is
recommended and often conducted at marine beach areas only, disregarding other recreational
waters that may not have beach areas, such as streams and rivers (World Health Organization,
1999).
Surface waters and coastal ecosystems used by both residents and tourists for recreational
water activities in Costa Rica are under increasing stress and demand from a variety of pollution
emitting activities that contribute to polluted waters, beach erosion, and other flora and fauna
changes in the environment (Lager & Wikstrom, 2007; Ross, 2011). Agriculture is known to be a
major contributor of non-point source pollution to surface waters (streams, rivers, etc.) in many
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parts of the world (Braden & Lovejoy, 1990; Isermann, 1990). Runoff from agricultural fields
can introduce soil, manure, fertilizer, organic matter, pesticides, and other chemicals into
streams, thereby affecting water quality and increasing volume of stream discharge (Neumann &
Dudgeon, 2002; Berka, Schreier, & Hall, 2001; Ntow, Drechsel, Botwe, Kelderman, & Gijzen,
2008; Zuazo, Pleguezuelo, Flanagan, Martinez, & Raya, 2009). Agrochemicals, such as
ammonia and nitrates can create a variety of health effects to those exposed, depending on route,
dose, and duration of the exposure (Overmann, 2013). Many of these polluted surface water
sources empty into coastal areas, such as beaches or estuaries (Moresco, Viancelli, Nascimento,
Souza, Ramos, Garcia, Simões, & Barardi, 2012; World Resources Institute, 2012; McCarthy,
Incardona, & Scholz, 2008). This, in turn, could produce deleterious health effects on both
residents and tourists who use those areas for fishing, swimming, surfing, and other outdoor
recreational activities (World Health Organization, 2012; Dwight, Baker, Semenza, & Olson,
2004). Research regarding individual perceptions on the knowledge of or willingness to accept
risks during recreational water use has been nonexistent (Boehm et al., 2009). However, few
studies have explored determinants of water quality from the individual perspective and found
color, odor, the presence of algae and water plants, and floating debris influenced individual
perception on whether surface waters were polluted (Moser, 1984; Ditton & Goodale, 1973).
Ecological theoretical models are commonly used by researchers to examine complex
global health problems. These models often reveal relationships between individual behaviors
and various factors that produce health outcomes. For the purposes of this study, the social
ecology of health model (SEM) was used to explain health behavior in the target communities.
The SEM consists of five levels (intrapersonal, interpersonal, organizational, community, and
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societal factors) and is used to incorporate aspects of the social environment as fundamental
contributors in explaining health problems (Coreil, 2010). See Figure 5.1.

Source: Coreil, 2010

Figure 5.1 The Social Ecology of Health Model

The Nandamojo watershed in the Guanacaste region of Costa Rica is an area that has
been virtually untouched with regards to environmental and public health research. This
watershed spans an area of 28,000 acres and offers an alluring coastal beach area and ecotourism
related activities for tourists and residents alike. Agriculture is the dominant occupation in this
river valley. Anthropogenic activities, such as deforestation, pasture burning, use of fertilizers
and pesticides, and destruction of riparian zones by both man and animal has detrimentally
impacted the environment of this watershed. The potential risk of fecal and chemical pollution in
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surface waters to human health is unknown, despite the work of the Ecological Blue Flag (EBF)
program. The EBF program is a joint venture between the public and private sector that monitors
beach pollution, its repercussions on public health, and the tourism industry (Environment for
Development, 2012). This program requires community members to form committees that
establish and monitor program goals for their community beaches. If 90% of these goals are met
by the end of the year, the beaches are granted blue flag certification. Businesses along the beach
strive to get this certification, as they use this as a marketing tool in attracting tourists. The EBF
monitors water sources around beaches for fecal contamination, however, it is unclear how often
monitoring is taking place (e.g., weekly, monthly, and annually) and where they sample.
Furthermore, the EBF does not address if it monitors beaches for chemical contaminants
(Environment for Development, 2012).
The goals of this study were: (1) to assess the water quality of recreational water in the
Nandamojo watershed by comparing the levels of bacterial and chemical parameters among
various freshwater and marine water samples; and (2) to explore community perspectives
surrounding recreational water use, risks associated with it, and pollution of freshwater and
marine water sources. Finally, the aim of the study was to compare reality (water quality data)
versus perception (community perspectives).
5.3 Methods
5.3.1 Overview of Methods. Recreational water sampling and community perspectives
on recreational water use and risk of disease were assessed using a mixed methods research
design (Ulin, Robinson, & Tolley, 2005; Bernard & Ryan, 2010). In-depth qualitative interviews
and focus groups were used to collect information from four rural towns in the Nandamojo
watershed, located in northwestern Costa Rica. In-depth household interviews were conducted in
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March 2013, while focus group discussions occurred in July 2013. Communities were selected
based on factors considered to be important to the study design. Location in the watershed was
considered an important influence on perspective, as three out of the four communities are
proximal to the coast and may be more inclined to engage in marine water activities. Another
factor considered important to community perspectives was the location of surface waters near
the study sites. Communities with streams (n=2) were purposely selected because they were
thought to provide more insight on stream health and recreational water risks as compared to
communities (n=2) with no streams. Despite the differences, all four communities share similar
demographic patterns with respect to educational, occupational, and socio-economic status. The
study design, survey instruments, and protocols were approved by the Ministry of Health, Costa
Rica and the Institutional Review Board at the University of South Florida (IRB# Pro00010260).
5.3.2 Recruitment and Procedures. Door-to-door recruitment was the recruitment
method used for household in-depth interviews. Geographical Information System (GIS)
(Google Earth 6.2.2.6613, Google, Inc., 2013) maps were generated for each community and
used to identify potential households prior to recruitment. Households visible on the map were
labeled with numbers and randomly selected for recruitment. GIS maps were re-generated with
selected numbers to assist in recruiting. Recruitment for the study took place over a 7-day period.
Participants identified as the head of the household were verbally invited into the study using an
approved script. Enrollment included those that were over 18 years old and willing to speak on
behalf of the members of their household. Consent forms were provided to each participant as
well as verbally administered. Upon receiving verbal consent, one-on-one interviews were
conducted. The survey instrument used for the interviews was a semi-structured questionnaire
that contained open and close ended questions related to demographics, health status of

121

household members, and perspectives on environmental contamination from human, animal, and
agrochemical waste streams. The survey instrument was pre-tested and field-tested prior to the
interviews, and revised to produce the final interview guide. The surveys were administered in
Spanish by both female and male interviewers who prior to the interviews received training on
rapport building, confidentiality and privacy issues, and cultural norms during data collection.
Responses were annotated in both English and Spanish. A research supervisor was present in the
field full time to monitor and ensure the quality of the data collected. A total of 107 households
were interviewed, with three of those excluded from analyses for missing data. The response rate
of participation was 100 percent and no participant dropped out once consent was given.
Focus group discussions were conducted by the research team using a focus group script
on the themes of water, sanitation, environmental contamination, and recreational water use and
concerns. Focus group participants were recruited through a nomination process. During
household interviews, residents were identified by interviewers as potential focus group
participants, based on their responses to survey instrument questions and their willingness to
share their opinions. Homogeneity of focus groups was the focus of recruiting, as criteria, such
as age, gender, and occupation was used to select participants. Those suspected or known to be
coercive or to have some influence in their respective communities were not recruited. Inclusion
criteria for focus group participation required participants to be 18 years and older and be able to
set aside 1-2 hours for the focus group. Participants provided verbal consent prior to the start of
the focus group discussion.
Focus group sessions lasted between 45 minutes to 1 hour and were held in private
locations. This included schools, a restaurant, and a gazebo. The moderator was a bilingual
research team member who was experienced at conducting focus group discussions and received
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refresher training prior to the focus group sessions. An assistant moderator recorded notes on the
discussion as well as annotating verbal and body cues. The survey instrument for the focus group
was a script consisting of 10 open-ended questions that was administered in Spanish by the
moderator. Procedures were used to ensure the validity and reliability of the data, to include the
verification of data with participants during and at the end of the sessions, along with a
debriefing between the moderator and assistant moderator immediately after each session. Each
focus group was audio-taped using 2 digital recorders, and translated and transcribed from
Spanish to English. Transcripts were checked for accuracy against the audio recordings and field
notes.
5.3.3 Water Sampling Sites and Sample Collection. Recreational freshwater sampling
was conducted at eleven locations throughout the watershed from May 2012 to March 2013
(Figure 5.2). Criteria used in the selection of stream and estuary sampling locations included: (1)
ease of accessibility to the sample locations; (2) areas known to be used for recreational
activities; and (3) free flowing bodies of water and not under the influence of jetties, dams, or
other environmental features that would either induce mixing or promote retention of
microbiological indicators (World Health Organization, 2012; United States Environmental
Protection Agency, 2011). Nine of the freshwater sampling sites consisted of: (1) streams that
were located in towns (n=3); (2) on an ecotourism business property (n=3); and (3) accessible
from a road (n=3). The 10th sample was taken from an area along the estuary where fishing and
canoeing activities were observed. The last sample was taken from an area outside the watershed
for purposes of comparison.
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Source: GoogleEarth
a Data from the following locations were used in this study: 1,2,4, 6, 7, 8, 9, 10, 12, 13, & 18

Figure 5.2 Freshwater Sampling Locationsa in the Nandamojo Watershed

Pacific Ocean seawater samples were collected from five points along a 1-kilometer
stretch of beach within the boundaries of the Nandamojo watershed during a three week period
between October and November of 2012. These locations represent areas used for swimming and
other forms of recreational water use (Figure 5.3). The first point was an access point upstream
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on the estuary that was selected to get an idea of what was flowing down the estuary. The second
point selected was a location on the beach where the estuary and the ocean interface. The water
sample obtained from this location was taken upstream from the interface in order to avoid the
potential of skewed data from mixing of waters. The other three sample points were identified by
walking 250 meters due north from each previous point. The coordinates of each location were
marked using a Geographical Positioning System (GPS) instrument and samples were collected
in the same manner (e.g., same technician, same location, same sampling technique) to reduce
sampling variability.

Source: GoogleEarth

Figure 5.3 Marine Water Sampling Locations in the Nandamojo Watershed
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Water samples were collected from all locations using 500 milliliter sterile whirlpak®
bags. Ocean samples were captured 12 inches below the surface in waist-high water (~3-4 feet
while freshwater samples were collected 8-12 inches below the surface; areas considered to be
the most likely site of human exposure (World Health Organization, 2012; United States
Environmental Protection Agency, 2011). Each whirlpak® bag was marked with the location ID,
date, and time.
5.3.4 Sample Processing. All samples were kept out of direct sunlight and stored in a
cooler with freezer packs following collection. Samples were processed within 6-8 hours at a
field laboratory research site located at Hacienda de la Norma (HLN), Costa Rica. Samples were
tested for bacteriological and physio-chemical parameters. Freshwater samples were analyzed for
fecal coliforms, ammonia, and nitrates, while marine water samples were evaluated for fecal
coliforms, enterococci, ammonia, and nitrates. Ammonia and nitrates were selected for their
representation as environmental markers of chemical contamination from agricultural practices
(Berka, Schreirer, & Hall, 2001). A total of forty-seven marine water samples and forty-three
freshwater samples were processed.
Water quality analyses were conducted using a field expedient microbiology laboratory,
equipped with a hand pumped vacuum filtration unit, incubator, spectrophotometer, petri dishes,
and other standard lab supplies. Bacterial indicators were analyzed using membrane filtration
techniques 9222D and 9230D (American Public Health Association (APHA), 2013). Sterile,
deionized water was used as a negative control. Samples were filtered through 47 mm diameter,
0.45 µm porosity cellulose filter paper and grown on selective media. The stainless steel
filtration unit was sterilized between samples through flame sterilization. 1 mL of methanol was
poured in the unit, ignited, and allowed to burn for 5 minutes. Methanol burns anaerobically to
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form formaldehyde, which ensures a complete sterilization. For most samples (~75%), a dilution
volume of 50 mL of sample and 50 mL of sterile, deionized water was filtered through the
vacuum filtration unit; otherwise a smaller volume of sample (10 mL) and sterile, deionized
water (90 mL) was used to offset overgrowth of colonies on the media if the sample was
suspected of being grossly contaminated. A portable field incubator with 2 temperature-specific
chambers was used to grow both indicators separately. Fecal coliform bacteria were incubated at
44 ± 0.5°C for 14 hours on Membrane Lauryl Sulfate Broth (MLSB) media with yellow colonies
counted as positive (APHA, 2013). Enterococci was incubated at 37 ± 0.5°C for 4 hours,
followed by 44 ± 0.5°C for 44 hours (per Wagtech® Potalab instructions) on Slaney and Bartley
agar with pink and maroon colonies counted as positive (APHA, 2013). Blank samples were run
before filtration of the first, last, and every fifth sample to confirm the sterility of the filtration
unit. Colony counts were converted to colony forming units (CFUs) per 100 milliliters after
taking into account the dilution factor.
The analyses of water for ammonia and nitrate were conducted using colorimetric
methodology, per the manufacturer’s instructions. Ten milliliters of the original sample was
pipetted into two 50-milliliter glass vials, one for each parameter. Reagent specific tablets were
added to each vial and crushed in order to speed up absorption. Once absorbed, the samples were
left to stand for a specified amount of time, per the manufacturer’s directions. This allowed for
full dissolution of the tablets. Once dissolved, the sample was placed in the spectrophotometer
and measured using pre-programmed, reagent specific software.
5.3.5 Statistical Analyses. Descriptive statistics were used to describe water quality data,
comparing measures of central tendency and dispersion. The Pearson correlation test was used to
evaluate correlations between the indicators and chemical parameters. Significance was
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determined at the 95% confidence level. Analyses were performed using the following
statistical software packages: Microsoft® Excel 2007 and Statistical Package for the Social
Sciences (SPSS), Version 22. Qualitative data captured from both in-depth interviews and focus
groups were transcribed verbatim and checked for accuracy against field notes and audio
recordings. All transcriptions were analyzed and coded for recurring themes and key words.
5.4 Results
5.4.1 Water Quality. A total of 43 freshwater samples were collected within the
Nandamojo watershed during the rainy (n=21) and dry (n=22) seasons from 2012-2013 (Table
5.1). Fecal coliforms were detected at all sample sites. Latrine stream (downstream) had the
highest geometric mean for fecal coliform bacteria (3,039 CFU/100 ml), while the Pura Aventura
plunge pool had the lowest (447 CFU/100 ml). Individual samples ranged from 140 to 8,500
CFU/100 ml. Fecal coliform levels were greatest in October (3,450 CFU/100 mL) and lowest in
March (373 CFU/100 mL). Mean fecal coliform counts by sampling site are labeled in Figure
5.4. Ammonia and nitrates were also detected at all sites. Ranges of ammonia and nitrates for
individual samples were 0.04 – 1.2 mg/L and 0.29 – 2.73 mg/L, respectively. The estuary had the
highest geometric mean for ammonia at 0.87 mg/L, while the lowest was found at both Venado
and La Florida streams (0.05 mg/L). The highest geometric mean concentration for nitrates was
1.59 mg/L (Pura Aventura front stream) and the lowest was 0.66 mg/L (Rio Seco stream). No
significant correlations were observed between parameters among the study sites. Geometric
mean concentrations among parameters by time period are shown in Table 5.2. Rainfall amounts
were also compared to fecal coliform counts by month (Figure 5.5).
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Table 5.1
Summary of Freshwater Quality Parameters for Sample Sites (n=43)
(Ranges and Meana of Values)
Site Names

Site
Locations

Fecal Coliforms
(CFU/100ml)

Ammonia
(mg/L)

Nitrates
(mg/L)

Pura Aventura
Front Stream

1

440-4800
1179

0.1-1.20b
0.35

0.82-2.90
1.59

Pura Aventura
Back Stream

2

380-4200
1000

0.05-0.90
0.25

0.29-1.26
0.72

Pura Aventura
Plunge Pool

3

240-840
447

0.06-1.10
0.38

0.98-2.00
1.33

Tortuga Stream

4

150-3800
595

0.1-1.20b
0.13

0.42-2.66
0.98

La Florida Stream

5

420-6200
1444

0.04-0.08
0.05

0.75-1.53
0.98

Latrine Stream
(Upstream)

6

280-4200
1150

0.08-0.90
0.19

0.9-1.37
1.08

Latrine Stream
(Downstream)

7

2100-8500
3039

0.06-0.40
0.14

0.55-1.36
0.73

Rio Seco Stream

8

140-3200
779

0.06-0.90
0.13

0.41-1.69
0.66

Venado Stream

9

220-3400
616

0.04-0.07
0.05

0.43-1.84
0.67

Playa Negra Stream

10

170-2200
674

0.04-1.20b
0.35

0.44-2.68
1.10

Estuary

11

600-2420
1070

0.5-1.10
0.87

0.73-2.73
1.40

a

Concentration of bacteria and chemicals are listed as geometric means
Sample reading was above the limit of detection. Per manufacturer’s recommendation, the assigned value for NH 3 is the maximum value (1.20
mg/L)
b
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3039
CFU/100ml
1179
CFU/100ml

1150
CFU/100ml

779
CFU/100ml

674
CFU/100ml

1000
CFU/100ml

595
CFU/100ml

447
CFU/100ml
616
CFU/100ml

1070
CFU/100ml

1444
CFU/100ml

Figure 5.4 Mean Fecal Coliform Counts, by Freshwater Sampling Sites

Table 5.2
Meana Values for Freshwater Quality Parameters for all Sitesb, by Time Period (n=40)

a

Water Quality
Parameter

May 2012

October 2012

December 2012

March 2013

Fecal Coliforms
(CFU/100ml)

1035

3609

611

403

Ammonia
(mg/L)

0.12

0.26

0.14

0.24

Nitrates
(mg/L)

0.87

1.51

1.49

0.71

Rainfall
(inches)

7.62

7.21

0.02

0

Concentration of bacteria and chemicals are listed as geometric means
Does not include Playa Negr

b
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Note: Rainfall data was provided by the Liberia Field Station in Costa Rica and may not represent the monthly rainfall for the
Nandamojo watershed.

Figure 5.5 Mean Rainfall versus Mean Fecal Coliform Counts, by Month

A total of 47 marine water samples were collected during October and November of
2012. All samples collected were used in the analyses of the data. Table 5.3 contains descriptive
information, geometric means, and ranges for fecal coliform bacteria, enterococci, ammonia, and
nitrates. The geometric means of fecal coliforms ranged from 1 CFU/100ml to 2400 CFU/100ml,
while enterococci ranged from 1 CFU/100ml to 830 CFU ml. Results for the bacterial indicators
were compared to the Costa Rican single sample standard, which set a failure rate at >400
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CFU/100ml for fecal coliforms and the WHO single sample standard of >104 CFU/100ml for
enterococci. 36% of the samples exceeded the fecal coliform guidelines, while 6% of the samples
did not meet the enterococci standard (Table 5.3).
Nitrates were not significantly associated with ammonia, fecal coliforms, or enterococci.
Enterococci, on the other hand, was found to be inversely correlated with ammonia (r = -0.303,
p<0.05) and fecal coliforms (r = -0.700, p<0.01) (Figures 5.6 & 5.7). Sites 3 and 4 had the
highest mean concentration for ammonia (1.2 mg/L) and the lowest was site 1 (0.73 mg/L).
Mean concentrations for nitrates were highest at site 2 (2.75 mg/L) and lowest at the estuary
(1.87 mg/L). Ranges for nitrates and ammonia were 1.37 – 22.0 mg/L and 0.24 – 1.2 mg/l,
respectively.

Table 5.3
Summary of Marine Water Quality Parameters for Sample Sites (n=47)
(Ranges and Meana of Values)
Water Quality
Parameter

Site E
(Estuary)

Site 1
(Beach)

Site 2
(Beach)

Site 3
(Beach)

Site 4
(Beach)

Costa Ricae/WHOf
Recreational Water
Standards

Enterococci
(CFU/100ml)

30-830
181

1-500
123

1-400
73

1-100
13

1-100
6

>400 CFU/100mle
Failed (6%)

Fecal Coliforms
(CFU/100ml)

90-1040
252

1-300
97

1-210
43

1-230
10

1-180
2

>104 CFU/100mlf
Failed (36%)

Ammonia
(mg/L)

0.54-1.2b
0.92

0.24-1.2b
0.73

0.6-1.2b
1.08

1.2b
1.2

1.2b
1.2

N/Ad

Nitrates
(mg/L)

1.37-2.73
1.87

1.41-22.0c
2.66

1.83-3.45
2.75

1.73-3.45
2.64

1.48-3.54
2.63

>10 mg/Le,f
Failed (2%)

a

Concentration of bacteria and chemicals are listed as geometric means
Sample reading was above the limit of detection. Per manufacturer’s recommendation, assigned value for NH 3 is the maximum value (1.2 mg/L)
Sample reading was above the limit of detection. Per manufacturer’s recommendation, assigned value for NO 3 is the maximum value (22.0
mg/L)
d
N/A indicates a chemical that does not have a recreational water or drinking water standard established for it
b
c
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Figure 5.6 Scatter Plot of Enterococci and Ammonia Levels in Marine Water Samples

Figure 5.7 Scatterplot Graph of Enterococci and Fecal Coliforms in Marine Water Samples
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5.4.2 Household Interviews. Socio-demographic information on 104 household
interview respondents was used in this study (Table 5.4). A total of 62 percent of the household
interviews were male and 38 percent were female. The mean age for the study group was 50
years. Agriculture and laborer were the dominant occupations in the study groups (26% and
32%, respectively). Laborers were defined as those employed in a trade, such as construction or
fishing. All respondents self-identified as Costa Rican. The mean household size was 3.7 persons
for all study sites combined.

Table 5.4
Characteristics of Household Interview Respondents, by Study Site (n=104)
Characteristics

Frequency (%)

Gender
Male

66 (62%)

Female

41 (38%)

Mean Age (±SD)

50 (±17.4)

Mean Household Size (±SD)

3.7 (±1.9)

Occupation
Agriculture

26 (25%)

Housewife

22 (21%)

Retired

11 (10%)

Laborer

33 (32%)

Business

7 (7%)

Religion

1 (1%)

Student

3 (3%)

Musician

1 (1%)
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Survey respondents were asked if they thought water sources, such as their community
well or surface waters were contaminated or could be contaminated with human waste. 44% of
respondents answered yes, while 42% answered no or not sure (14%). A majority of the
respondents in two of the study sites (San José de la Montaña and Venado) did believe water
sources were contaminated, while the other two sites (La Florida and Paraiso) gave opposing
views with respect to their perceptions about this question (Table 5.5). Respondents were also
asked if they thought water sources could be contaminated with animal wastes. Response rates
for this question revealed similar perceptions among the four communities; 68% said yes, while
24% responded no or not sure (8%). Although three of the four sites shared similar response
rates, a large majority of the respondents from San José de la Montaña (82%) felt that animal
wastes do contaminate water sources. Finally, when asked about pesticide or chemical
contamination of water sources, 57% of respondents felt that these do get into water sources,
while 36% either were not sure or said they do not (7%). Three of the four sites shared similar
perceptions on the contamination of water sources with agrochemicals, while 77% of La Florida
respondents felt their water sources were contaminated with agrochemicals. Household
interviewers explored respondents’ answers by asking them to identify the factors that influenced
their perceptions. Multiple themes were identified among survey respondents and are discussed
in section 5.4.4.
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Table 5.5
Interview Respondent Perceptions of Fecal and Chemical Contamination of Water Sourcesa
San José de
la Montaña
(n=15)

Venado
(n=29)

La Florida
(n=30)

Paraiso
(n=30)

Total
(n=104)

Yes

5 (33%)

13 (45%)

5 (17%)

23 (77%)

46 (44%)

No

6 (40%)

12 (41%)

18 (60%)

7 (23%)

43 (42%)

Not Sure

4 (27%)

4 (14%)

7 (23%)

Yes

12 (80%)

20 (69%)

18 (60%)

21 (70%)

71 (68%)

No

3 (20%)

6 (21%)

8 (27%)

8 (27%)

25 (24%)

3 (10%)

4 (13%)

1

8

Perception

1. Does human
waste get into
water sources?

15 (14%)

2. Does animal
waste get into
water sources?

Not Sure

(3%)

(8%)

3. Do pesticides or
other chemicals
get into water
sources?
Yes

7 (47%)

16 (55%)

23 (77%)

15 (50%)

61 (57%)

No

7 (47%)

9 (31%)

5 (17%)

15 (50%)

36 (36%)

4 (14%)

2

Not Sure
a

1 (6%)

(6%)

7

(7%)

Bolded text in the table represents the highest response rate for each question

5.4.3 Focus Groups. Overall, 60 individuals participated in seven focus group
discussions (Table 5.6). Four focus groups contained members of each community, while three
consisted of water committee members. One water committee chose not to participate. Each
group generally had an equal proportion of men and women, who self-identified as Costa Rican.
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Table 5.6
Demographics of Focus Group Participants, by Study Site (n=60)
Paraiso

General

(Number and percentage of participants by focus group)

Town Residents

7 (16%)

15 (33%)

16 (35%)

7 (16%)

45 (100%)

NC

3 (20%)

6 (30%)

6 (30%)

15 (100%)

2 (10%)

5 (25%)

9 (45%)

4 (20%)

20 (100%)

NC

2 (25%)

3 (37.5%)

3 (37.5%)

8 (100%)

5 (20%)

10 (40%)

7 (28%)

3 (12%)

25 (100%)

NC

1 (14%)

3 (43%)

3 (43%)

7 (100%)

20-68 (48)

18-64 (40)

20-73 (54)

53-76 (62)

18-76 (51)

NC

20-40 (30)

31-62 (45)

27-50 (40)

20-62 (38)

Water Committee

Venado

San José de
la Montaña

Focus Group Type

La Florida

Total

By Gender
Males
Town Residents
Water Committee
Females
Town Residents
Water Committee
By Age (Range and Mean)
Town Residents
Water Committee
* NC = Not Conducted

Focus group participants were asked general questions on recreational water to stimulate
discussion and identify themes derived from perceptions. A number of broad themes were
identified during these sessions and are discussed below.
5.4.4 Perceptions of Recreational Water and Health. Household interview respondents
were asked to elaborate on their responses to the three questions in table 5.5, with the intent of
identifying factors that influenced the perceptions. Although the first question was focused on
human waste as the theme, subtopics emerged from the discussions. They included awareness,
flooding, location of the water source, distance to the water source, inclination of the land,
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seasons, construction of the septic tank, and leakage of sanitation systems. There were some
respondents who acknowledged either not knowing if human contamination of water sources
occurred or if it did, never hearing such a thing. Many acknowledged that septic tanks do
overflow from flooding as well as leak into the ground from improper construction, but to what
extent was unknown. Some felt pit latrines were safe in that they do not leak into water sources.
Respondents also felt sanitation systems near the river probably contaminate it, especially during
the rainy season. Others felt that tanks and latrines were constructed in a way that does not allow
them to drain into rivers. In other words, the inclination of the land “steers” the contaminants
away.
Respondents were asked a series of questions regarding animal waste and water source
contamination which yielded rich discussion regarding the effects of animal waste on human
health. Emergent themes included climate and animal wastes. Subtopics embedded in these
themes included: wind and animal wastes, pigs, monkeys, discarded animal wastes, animal
carcasses/death, and roaming animals. Many felt animal wastes in general were the largest
contributor to water contamination, especially with animals using rivers and streams as a
drinking water source and concurrently using it to urinate and/or defecate in. One respondent
shared her concern:

“I see runoff from pig farms and monkeys throwing their feces in the water.”

Furthermore, a few of the respondents knew of people who used the river as a means to dispose
animal waste or dead animal carcasses. Inversely, one respondent shared her perception on the
fate of animal waste in pastures:
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“The animals pass their waste onto grass, where it dries up and is eventually carried
away by the wind”.

When respondents were asked about agrochemicals and water contamination, similar concerns
were expressed by this mechanism of contamination. As with animal waste, some respondents
expressed concerns that the wind may carry pesticides to water sources; while others had no
doubt that the rains carried these chemicals to the rivers. For example, one respondent shared:

“Even if you fumigate in the field, it still gets transported to other places by the rain, like
the river”.

A common misperception among residents was that agrochemicals were not used in their
community and thus not a threat to water sources. One respondent stated,

“Local farmers do not use pesticides and even if they did, it does not get into water”.

A majority of the respondents from each community were very upset with the use of chemicals
to kill shrimp in their streams. Many of the respondents described in detail how people would
show up in their community every year and poison the streams. In fact, many of them do not use
the stream for that reason; one respondent stated,
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“The community believes the chemicals kill everything in the stream and are afraid of
getting sick or killed from these chemicals in they use the stream for bathing or other
reasons”.

Finally, the rinsing of pesticide containers and equipment in streams and rivers was another
reason why some felt surface waters were contaminated. All four communities had respondents
who had observed the rinsing of this equipment in the river; one respondent shared her
experience:

“People are not careful when cleaning the containers in or near the river”.

Another added:

“I see pesticide pumps and bottles are rinsed in the river and I see people throw
containers of pesticides in the river”.

During focus groups, participants were asked similar questions regarding the use of streams of
rivers for recreational water activities. Many of the participants from both focus group types
responded that they did not use the streams or rivers for recreational purposes. Focus group
participants discussed their perceptions about recreational water which revealed one common
theme: contamination. Subtopics associated with contamination included: dirty (black) water,
polluted water from garbage, animal use of the water, diseases in the water, and chemical
poisoning of the water by shrimpers.
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There were a few participants from both types of focus groups who mentioned dirty water, which
they contributed to leaking septic tanks or pit latrines. One participant shared her experience:

“During flooding, I have seen it [black water] get into water sources like this, especially
in areas of low altitudes”.

Others were more concerned with animals using the water to defecate. One participant shared:

“I have seen cattle pass excreta in the river; I have also seen dead animals in the rivers”.

Another participant from the same focus group also stated:

“I feel the local waters are polluted with feces and this is why I use the clean mountain
streams for bathing, despite the increase of alligators in those areas.”

Participants from two communities mentioned concerns about diseases associated with the
waters. One focus group participant explained what happened in her community:

“We had two cases of leptospirosis in our community that was thought to have been from
the river ten years ago, which has scared many people from using the water at that time
and continues to be the case today”.
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A focus group participant from a different community described getting skin eruptions from
using the beach during holy week events. She stated,

“I felt that there were too many people at the beach, which could have increased the
amount of feces and dirt in the water”.

When prompted about shrimping and the poisoning of the streams, a majority of the focus group
participants shared the same feelings as the respondents; they were scared to use the streams for
recreational water for fear of contact with poison in the water.
Half of the participants from both focus groups did acknowledge using either freshwater or
marine waters for recreational activities. One participant from a water committee was very sure
the rivers were clean:

“I feel the rivers are clean because they do not receive black waters from the latrines”.

A water committee member from a different community stated they used the beach water for
recreation because it was purer and cleaner, as compared to the rivers and streams. Another
committee member added:

“We use the beaches once the rivers are filled up and cleaned out”.
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5.5 Discussion
5.5.1 Interviews and focus groups. Although many of those interviewed felt water
sources were contaminated with human and animal wastes, there was a general consensus among
all groups that freshwater sources were contaminated with feces and chemicals, but ocean water
was not. The exception to this was the respondent who experienced “skin eruptions” at the
beach, which is consistent with other studies that have shown there to be a risk of skin infections
when bathing in contaminated marine waters (Yau, Wade, de Wilde, & Colford, 2009; World
Health Organization, 2005; Prüss, 1998; Henrickson, Wong, Allen, Ford, & Epstein, 2001). A
concern shared by all of the communities was the poisoning of the streams and river by shrimp
fisherman. Both respondents and participants described how foreigners have been collecting
shrimp from local streams every year over the last five to ten years by dumping copious amounts
of a poison in the water. According to them, this not only kills shrimp, but all living things in the
streams. It appears the fear of exposure to this poison is what most likely keeps many people
from using the streams for recreational purposes. Findings are consistent with another study
which determined perceptions regarding polluted recreational water influences bathers’ decisions
to avoid the lake for swimming and other water-related activities (Happs, 1986). Last, one
community touched briefly on two cases of leptospirosis in their community and how that alone
prevented them and other community members from using the river. Despite the rarity of this
disease, these communities have a legitimate concern. Their towns are found in an agricultural
setting within a tropical climate and are prone to flooding every year; all risk factors for
leptospirosis (Monahan, Miller, & Nally, 2009).
Community perspectives on recreational water risks can be explained by using three of
the five levels (interpersonal, organizational, and community) within the Social Ecology of
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Health Model. Community perspectives were and continue to be molded by social interactions.
This was observed during focus group discussions, as participants would look to others for
clarification or agreement when responding to questions. Social interactions were noted to occur
within both the organizational (e.g., school and work) and community levels. People are aware of
health issues, water issues, and environmental issues in these communities, either through
observation or word of mouth. Given the similar responses in the household interviews and focus
groups, age and education did not influence perception, despite the fact that the older generation
had the benefit of knowing the history of the watershed with regards to the evolution of water
and sanitation systems. Both young and old based their perspectives on their experiences,
observations, and interactions within the community.
5.5.2 Water quality. In this study, community perceptions about recreational water
sources, such as streams and rivers revealed themes and subtopics that were consistent with fecal
coliform results of the water. Fecal coliforms levels among freshwater sampling sites fluctuated
between sampling frames and seasons. They were high in the peak of the rainy season and
tapered off in the dry season; a trend that has been observed in numerous studies (Reddy,
Khaleel, & Overcash, 1981; Van Donsel, Geldreich, & Clarke, 1967; Kistemann, Claßen, Koch,
Dangendorf, Fischeder, Gebel,... & Exner, 2002; Crabill, Donald, Snelling, Foust, & Southam,
1999; Mallin, Ensign, McIver, Shank, & Fowler, 2001). Rainfall has been shown to impact
bacterial growth, as high to average rainfall intensities have been associated with high fecal
counts in surface waters (Hubbs, 2002; Hill, Owens, & Tchounwou, 2006). One site, latrine
stream (downstream), was consistently higher in fecal coliform counts than the other sites
because its sampling location in the stream was next to a pit latrine that was situated on the bank
next to the stream. Although there are government regulations that address the proper zoning and
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construction of septic systems, there were many pit latrines and septic tanks in the study sites
suspected of leaching waste into surface and groundwater sources, which appears to be a
problem in Costa Rica in general (United Nations, 2009). Many community members mentioned
observing the overflow of sewage from tanks and latrines during heavy rains and flooding into
nearby streams, while others also admitted to converting old property wells to house (pit) latrines
instead of closing them. In fact, it has been estimated that more than 80% of sewage (human
waste) in developing countries is discharged untreated, polluting rivers, lakes, and coastal areas
(World Water Assessment Programme, 2009).
Ammonia and nitrate concentrations did not display trends similar to fecal coliforms.
Ammonia levels remained consistent throughout the year, whereas nitrates remained consistently
high at the same concentrations in the rainy season and lower with similar concentrations in the
dry season. Nitrates are known to leach into surface water sources through point and non-point
sources, such as septic tanks, industrial waste, pit latrines, agricultural runoff of feces or
fertilizer, human waste surface runoff, feedlots, improperly constructed wells, and solid waste
disposal runoff (Tredoux, Engelbrecht, & Israel, 2009; WHO, 2009). Ammonia, on the other
hand, is naturally found in surface waters, resulting from the chemical breakdown of nitrogenous
inorganic and organic matter as well as discharged into the environment through agricultural
activities, industrial processes, and community waste, such as septic tanks (World Health
Organization, 2012). Despite not having any baseline data on either parameter, it was assumed
that these numbers would be higher, given the agricultural footprint of the area. The risk this may
pose to human health was difficult to assess. Costa Rica does not have established health based
targets for chemicals in recreational freshwater sources. The WHO also does not have such
standards, as it considers the chemical quality of recreational waters a low health risk for
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recreational water users (WHO, 2012). Furthermore, in most cases, they state the concentration
of chemical contaminants will most likely be below drinking-water guideline values (World
Health Organization, 2012). The WHO does recommend using the Guidelines for DrinkingWater Quality (World Health Organization, 2012) as a start point for deriving values that could
be used to develop a monitoring program for recreational water.
Marine water samples were analyzed for both fecal coliforms and enterococci, which are
both common regulatory microbial indicators of fecal pollutions used in beach monitoring
(United States Environmental Protection Agency, 2000; Dufour, Strickland, & Cabelli, 1981:
Levin, Fischer, & Cabelli, 1975; Brenner et al., 1993; Scott, Rose, Jenkins, Farrah, & Lukasik,
2002). Although these indicators are used to measure water quality, there is not a universal
agreement on which indicator should be the standard. Current knowledge on these indicators has
shown enterococci to be more tolerant in salt or brackish water environments as compared to
fecal coliforms (Jin, Jeng, Bradford, & Englande, 2004; Jeng, Sinclar, & Englande, 2005). For
this study, the decision to use both was based on Costa Rican/EBF and WHO recreational water
guidelines and the availability of these indicators from the manufacturer of the water test kit.
Although enterococci had higher geometric mean concentrations for the beach samples, fecal
coliforms displayed a higher failure rate (36%) as compared to enterococci (6%) for all sampling
sites. This may have been due to excess runoff from the watershed flowing down the estuary
following 4-5 days of intense flooding prior to the sampling. Also, a majority of the failures
(58%) for fecal coliforms were at the estuary and site 1 location; locations containing freshwater.
In this watershed, one could speculate the majority of the runoff to consist of animal waste,
especially during rain events. However, the intestinal flora of farm animals generally contains
similar concentration of E. coli and Enterococcus species (Gedek, 1989). The results for both
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indicators should have been similar; therefore, this would suggest another fecal source, such as
human sewage. The concentration of both indicators in each of the sites appeared to be a
function of the distance from the estuary and the effect of dilution; the farther the distance from
the estuary-ocean (site 1) interface, the lower the concentrations.
Ammonia and nitrate concentrations did not follow the pattern of bacterial indicators;
they were consistently the same at all sites. Although there were homes with septic tanks located
near sites 2, 3, and 4, at a distance of 25 - 30 meters from these sites, the most probable source of
these two chemicals was fish waste. The areas in which samples were grabbed were observed to
be frequented by schools of fish. Also, fecal coliform levels should have been at higher
concentrations if the septic tanks were leaking. Nonetheless, there does appear to be a risk of
bather exposure to bacterial and chemical contaminants at this beach that needs to be researched
further.
5.6 Limitations.
There are several limitations to the study. The ocean water data was limited by the fact
that sampling occurred during the rainy season and did not have a set of data from the dry season
for comparison. This data could give the false perception that the rainy season represents the
only risk involving recreational water use. This, in turn, could produce economic ramifications in
areas that depend on tourism if a significant waterborne outbreak were to occur from recreational
water exposure. The impact of human bathers on the variables, whether through urination or
defecation, was unknown and difficult to determine. One study found that recreational activity
resulted in reduced water quality of a tropical stream; sites with recreation had poorer water
quality than those without (Phillip, Antoine, Cooper, Francis, Mangal, Seepersad, &…
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Ramsubhag, 2009). Additional research is needed to investigate the effect of these factors on
pathogen loading in both marine and freshwater sources. Finally, an important limitation was the
number of indicator samples analyzed at a given time, as this was a function of the size of the
incubator. The maximum number of samples that could be incubated at one time was fifty. This
needs to be considered for recreational water quality studies, especially when testing a large
number of samples, while using numerous indicators.
5.7 Conclusion
The research carried out in this study showed community perceptions about the quality of
freshwater (recreational) sources to be valid when compared to freshwater lab results. On the
other hand, marine water lab results did not support community perceptions about marine water
quality. Community perceptions towards freshwater and marine recreational waters appear to be
a function of themes and associated subtopics driven by observations. This includes poisoning of
waters for shrimping, overflow of human sewage from septic tanks into the environment, and
animal excrement in surface waters. Overall, this study indicates fecal pollution of surface waters
to be a widespread problem throughout the year in the Nandamojo watershed and needs to be
included as part of risk communication to those using these areas for recreational purposes. It
would be imperative for the Ministry of Environment, Energy and Telecommunications
(MINAE), along with support from the Ministry of Health (MOH) to implement a recreational
water monitoring program, using recommendations from the WHO with respect to testing
frequency, location of samples sites, and recommended parameters. Communities may observe
the waterways in their watershed become contaminated, but they may not understand the overall
risk associated with using them as a recreational water source. Sharing of recreational water
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results and proper risk communication by local public health/ministry of health officials would
certainly increase awareness and prevention of recreational waterborne diseases. Social
interactions are a key component to awareness and could be supplemented by public health
programs in schools that would include recreational water risk management strategies. Further
studies exploring community perspectives, human health data and water quality are needed. This
would include researching community perceptions from neighboring watersheds for comparison
and using and assessing other water quality indicators, such as coliphage and staphylococcus for
their applicability as indicators in recreational water monitoring programs.
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CHAPTER 6.
GENERAL CONCLUSIONS

There were a number of general conclusions and recommendations resulting from a
culmination of the literature review, field research, analyses, and the writing of this dissertation.
First, it is evident that the definitions of improved water and sanitation, as defined by the JMP,
cannot exclusively focus on types of water sources or sanitation technologies, let alone using key
phrases like “adequately protects the source from outside contamination” or “one that
hygienically separates human excreta from human contact”. These definitions need to
encapsulate more, especially if the intent is to booster and sustain healthy communities. The
research in this dissertation has shown communities in the Nandamojo watershed do not view
improved water and sanitation as an end to a means; there was concern with water quality, water
quantity (scarcity), overflow of septic tanks, old water pipes, and poorly constructed septic tanks,
just to name a few.
In a recently released report by the WHO and UNICEF (2014), they do address the need
to expand these definitions for post-2015 MDG monitoring. This includes the need for countries
to achieve safely managed drinking water services. They further describe that safely managed
drinking water services encompasses the use of water at a household that meets domestic needs
and complies with water quality standards for E. coli, arsenic, and fluoride as established by the
WHO. Although this addresses water quantity and quality with little specificity, it does not
address establishing a robust water sampling plan. For example, the Nandamojo watershed is in
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an agricultural setting. Little is known about the risk of exposure to agrochemicals in both
groundwater and surface water. Countries like Costa Rica need to consider implementing a water
sampling plan that includes monitoring for agrochemicals. This plan should also be implemented
in a manner where routine or periodic monitoring is established and executed by community
water committees in conjunction with government agencies, such as the MINAE and the MOH.
Annual or random water sampling does not adequately characterize the quality of drinking water.
It is important for the frequency of sampling and choice of water quality parameters to be
established and agreed upon by communities, water committees, and government.
In the post-2015 MDG monitoring report, the WHO and UNICEF also address the need
to further define improved sanitation as those households using safely managed sanitation
services. In other words, improved sanitation includes households whose excreta is carried
through a sewer network to a location for treatment or hygienically collected from septic tanks or
latrine pits. They also recommend that global monitoring of access to these services must occur
at the household and community levels. Although this refined definition is a step in the right
direction, it still does not address the issue of leaking or overflowing septic tanks or other
sanitation systems, nor does it address policy issues with the zoning, construction, and
enforcement of septic tank standards. The WHO and UNICEF do acknowledge waste water
discharge to be a problem in developing countries, but address it as an issue in inequality among
the wealthy and poor. The WHO and UNICEF is developing a framework for future guidance on
planning and guidance for safe waste water use; however, this is only guidance and not
enforcement. Water and sanitation have a close, unique relationship; it is very difficult to talk
about one without bringing the other in the discussion. Communities would be best served if
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water committees also addressed sanitation and include this in their name (“water and sanitation
committee”). This is another opportunity for government, committees, and communities to work
closely together in developing and establishing sanitation system programs. According to the
United Nations (2014), water scarcity affects over 700 million people in 43 countries on the
planet and is projected to climb to 1.8 billion by the year 2025. The communities in the
Nandamojo watershed expressed grave concern about water scarcity during household interviews
and focus group discussions. In fact, 3 of the 4 communities were suffering from water shortages
during the data collection phase of this study. Well water was pumped through distribution
systems for only 2 hours every day; households that were at the far end of the distribution system
sometimes did not get water, as the pressure in the lines was not enough to offset the effects of
gravity and distance. Water scarcity has not only impacted activities of daily living, but also has
the potential to impact the long-term health of these communities. The United Nations has
described in detail how water scarcity not only ties back to the first eight MDGs, but how it
could prevent progress in achieving these eight goals (UN, 2014). The government of Costa Rica
and the people of the Nandamojo watershed will need to work together to address this complex
issue. Initiatives, such as rainwater harvesting and integrated water resource management, should
be at the forefront of future planning with respect to water scarcity (United Nations Water,
2007).
Finally, community perceptions regarding recreational water use and contamination is
one area often overlooked, understudied, and poorly understood in research. The goal was to
understand and identify factors that influence perceptions of recreational water contamination
and propel people in the watershed to use or not use surface waters for recreational use. The
themes and subtopics in chapter five identified a number of pathways contaminants can get into
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their waters. Surprisingly, there was no mention by any of the respondents or participation about
recreational water sampling or the desire to have it. Although this was not explored in greater
detail among the focus groups or household respondent interviews, there should not be an
assumption that recreational water sampling is not important to them. Communities and water
committees would be best served if they worked with the MOH and MINAE to conduct
concurrent testing of both recreational water and drinking water, especially since both them
target many of the same parameters. Despite the challenges that are facing communities in the
Nandamojo watershed regarding water and sanitation, their willingness to work together on these
issues is a step in the right direction. The WHO should consider placing great emphasis on
community involvement and empowerment with regards to achieving not only the water and
sanitation MDGs, but all of the MDGs.
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